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IS OUR CLIMATE CHANGING? A STUDY OF LONG-TIME TEMPERATURE TRENDS 


By J. B. Krncer 
(Weather Bureau, Washington, D.C., Sept. 29, 1933] 


The present wide-spread and persistent tendency to- 
ward warmer weather, and especially the recent long 
series of mild winters, has attracted considerable public 
interest; so much so that frequently the question is asked 
“Ts our climate changing?” Historic climate has always 
been considered by meteorologists and climatologists to 
be a rather stable thing, in marked contrast to geologic 
climate and to weather. We know there have been major 
geologic changes in climate and that weather, which is the 
meteorological condition at any particular time, or for a 
short period of time, such as a day or a month, is far from 
stable. Different kinds of weather come and go in com- 
paratively brief, alternating spurts, as it were, or with 
short periods of irregular length—cool or cold, then warm, 
and vice versa—succeeding one another with a continuous 
recurrence that everyone takes for granted. However, 
an exhaustive statistical examination of these short- 
period temperature fluctuations fails to disclose any 
regularity that would afford a basis for forecasting future 
weather ———— of the standard forecasting methods 
of the Weather Bureau, in which daily synoptic charts 
play an important role. 

The phase of weather, or climate, that is attracting at- 
tention at the present time is not these short-period 
changes from warm to cool, and vice versa, for they are 
always present, but rather an apparent longer-time change 
to cool periods that seem to be lon frequent and of shorter 
duration, and warm periods that are more pronounced 
and persistent. It has been thought that these fluctua- 
tions in temperature eventually neutralize one another, 
or smooth themselves out, when the long-time record is 
taken into account. In other words, meteorologists con- 
sider that climate, which is the normal run of the weather, 
for a long period of time, is a fairly stable thing, and that 
the average temperature for, say, any consecutive 20 
years, selected at random from a long record, would not 
differ materially from that for any other consecutive 20 

ears so selected from that particular record. It appears, 

owever, from the data presented with this study that 
the orthodox conception of the stability of climate needs 
revision, and that our granddad was not so far wrong, as 
we have been wont to believe, in his statements about the 
exit of the old-fashioned winter of his boyhood days. We 
are familiar with statements by elderly people, such as 
“The winters were colder and the snows deeper when I 
was a youngster’’, and the like. 

Before taking up the matter of long-time temperature 
trends, a few facts, which prompted this study, and which 
have been responsible for numerous questions about a 
possible change in climate, may be cited. When we 
examine the winter temperature records for Washington, 
D.C., for example, it is found that for the last 21 winters, 
1912-13 to 1932-33, inclusive, 18 have been warmer than 
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normal; that every one of the last 13 of these has been 
mild, and that the warmest winter of record, going back — 
considerably more than a century, was that of 1931-32. 
This is in marked contrast with “‘granddad’s day”’, for 
the 19 winters of 1854—55 to 1872-73, 14 of which were 
colder than normal, with 1855-56 the coldest in more than 
100 years. The record for New Haven, Conn., may be 
daek as another example. Here every one of the last 10 
winters has averaged warmer than normal; so also have 
18 of the last 21, and 33 of the last 45. This record, by 
the way, goes back to near the close of the Revolutiona 
War. Farther west, we pick up, at random, the St. Louis 
record, which shows 13 of tne last 15 winters to have had 
above-normal temperatures. These records are typical 
for the central and northern portions of the United States 
east of the Rocky Mountains. 

When we examine the records for other seasons of the 
year, such as the spring and fall, similar conditions are 
disclosed. For the spring (March to May, inclusive) 
we find that in the case of New Haven 20 of the last 24 
springs down to and including the spring of 1933, have had 
above-normal temperatures, which contrasts sharply with 
the 10 successive springs from 1866 to 1875, every one of 
which had a mean temperature below normal. The 
Washington, D.C., records show only eight springs with 
below-normal warmth during the last quarter of a century. 

In St. Paul, Minn., more than 75 percent of the fall 
seasons for the last 43 years previous to 1933 have been 
relatively warm, in contrast to the 37-year period from 
1840 to 1876, inclusive, during which only 9 were warmer 
than normal. In Washington, D.C., only 3 of the 25 
falls since 1907 have had below-normal temperatures, 
while 15 of the last 17 months, up to and including Sep- 
tember 1933, have had plus departures from normal. 
With these facts of secotl it is not surprising that the 
even casual observer of weather should ask the question 
“Ts our climate changing?” 

It might be stated here, however, that the abnormally 
warm weather experienced in general for a long time past 
does not mean that cold periods have been entirely absent. 
On the contrary, the records indicate that occasional brief 
spells of abnormally cool, or extremely cold, weather are 
churedtellatte of prevailing high-temperature trends. 
The cold winter of 1917-18 may be cited as an example, 
coming at a time when the long-time trend was running 
comparatively high, and also the fact that the lowest 
official temperature of record for the United States— 
66° F. below zero—occurred in the Yellowstone National 
Park in February 1933. 

For a more fundamental study of the matter, we have 
adopted a system of moving 20-year summations of tem- 

erature data, employing the longest records available. 
hat is, on the accompanying graphs, the first point 
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represents the sum of the mean annual temperature data 
for the first 20 years of the record, or years nos. 1 to 20; 
the second point a like sum for the years nos. 2 to 21, and 
so on, step by step, throughout the entire record. This, 
of course is equivalent to the usual floating, or moving- 
average tabulation; summations were used instead of 
averages to simplify the operation and obviate residuals 
resulting from computation of means. 

The moving average, or summation, expedient is a much 
better statistical method of approach to questions of this 
kind than that, frequently used, of computing averages 
of successive intervals, such as dividing the record into 
decades, or into 20-year periods, and comparing the 
means for the successive periods. This is too much of a 
hit-or-miss affair, with chances great that any existing 
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FIGURE 1.—Mean annual temperature, Philadelphia, Pa.; (A) Successive annual means; 
(B), (C), and (D), 5-year, 10-year, and 20-year moving summations of annual means, 
respectively. Data in table 1. 


trend, especially a short-period one, would be blanketed 
out by the arbitrary division of periods, depending upon 
the particular year for which the record may begin, which 
determines the division points between the periods. 

This study shows, as indicated in the accompanying 
graphs, that temperature trends in middle latitudes of 
the Northern Hemisphere, and also, though less pro- 
nounced, in the Southern Hemisphere, have been prevail- 
ingly high for along time. When the short-period fluctua- 
tions in the records are smoothed, by the method just 
described, into long-time trends (the longest available 
covering more than 100 years) there is a somewhat 
irregular, but very definite, upward swing in the curves, 
shown to have been in progress for more than half a 
century; and there is, as yet, no evidence of a recession. 
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The records for the different seasons of the year show 
that the winters are the most erratic, with up-and-down 
trends of greater frequency and shorter duration than the 
other seasons. For the spring and fall the trends have 
been more uniformly upward, with fewer interruptions 


20-Years ending 


ST PAUL, MINN. 
880 

870 


ST LOUIS, MO 


1/20 7 
71/0 


WASHINGTON, D.C. 
1100 frou 


AV 
1090; AL 


4080 


FiGuRE 2.—20-year moving temperature summations; St. Paul, Minn., St. Louis, Mo., 
and Washington, D.C. Data in table 1. 


by short cold spells. The curves for the fall season show 
a remarkably steady upward trend for nearly a century; 
that is, for nearly a hundred years, our fall seasons have 
been trending progressively to warmer. The summer 
curve shows a slight recession from about 1875 to 1912, 
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FIGuRE 3,—20-year moving temperature summations; New Haven, Conn., and Copen- 
hagen, Denmark. Data in table 1. 


but thereafter a moderate rise. For the fall, winter, and 
spring seasons the averages in temperature for the past 
20 years to and including 1933 are from 2.5° to nearly 
4° higher than similar averages 60 or 70 years ago. 
Temperature records of other countries of the Northern 
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Hemisphere, and also of the Southern Hemisphere, show 
strikingly similar conditions. 

In addition to the graphic presentation, there are 
included tables giving the temperature records, year by 
year, on which the respective graphs are based. In 
table 1, for example, under New Haven, the sum of the 
first 20 years of data, from 1780 to 1799, is 980.4, charted 
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FIGURE 4.—20-year moving temperature summations; Lynchburg and Dale Enterprise, 
Va., and Baltimore and Easton, Md. Data in table 1. 


on the graph under 1799 on figure 3; the second point 
represents a similar summation from 1781 to 1800, inclu- 
sive, charted under the latter year, and so on down to 
1932. Dividing these sums by 20, gives, of course, the 
corresponding averages for the respective 20-year periods. 

Figure 1 is based on the temperature record of Phila- 
delphia (table 1) and illustrates the statistical method 
employed in developing long-time trends. This record 
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began in 1825, by authority of the Pennsylvania Hospital, 
and was continued ~ that institution up to and including 
1882. Records by the Weather Bureau began with 1872, 
which gives an overlapping period of 11 years for which 
two sets of data are available. For this 11-year period 
the Hospital records average 0.6° higher than those 
made by the Weather Bureau. It is believed this fairly 
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FIGURE 5.—20-year moving temperature summations; Philadelphia and West Chester. 
Pa. Data in table 1. 


represents the difference in the records and, accordingly, 
0.6° was subtracted from the Hospital records for each 
year from 1825 to 1871, inclusive, to make them com- 
parable with the Weather Bureau data; from 1872 to 
1932 Weather Bureau records were used. 

Figure 1 A represents the mean annual temperature at 
Philadelphia for the successive years of the entire period, 
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FIGURE 6.—20-year moving tem ture summations, re ting northern North 
America (Portland, Oreg., and Winnepes and Toronto, Dennda. Data in table 1. 


108, all told. While the annual fluctuations in the graph 
tend to obscure the long-time trend, there is clear evidence 
of a very definite upward tendency through nearly the 
entire record. 

The general appearance of the lines from, say, 1835 to 
1870 (Hospital record) is strikingly similar to that for 
1875 to 1932 (Weather Bureau records). This tends to 
establish confidence in the old records; also it is obvious 
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that a least-square, straight-line trend would fit the data 
nicely from start to finish. 

Sub B, figure 1, shows the data smoothed by 5-year 
moving summations. That is, the first point on the 
graph represents the sum of the annual temperature 
values for the 5 years from 1825 to 1829, inclusive; the 
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FIGURE 7.—20-year moving temperature summations, representing Europe (Paris, 
Vienna, and Greenwich). Data in table 1. 


second point a like sum from 1826 to 1830, and so on 
through the record. This brings out, more definitely, 
the general trend, but at the same time emphasizes 
short-period fluctuations. 

Next, sub C, represents 10-year moving summations, 
and more graphically establishes the een, while sub D 
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FIGURE 8.—20-year moving temperature summations, representing the Southern Hemis- 
ay Rn Chile; Buenos Aires, Argentina; and Cape Town, South Africa). 
ata able 1. 


shows the results of a 20-year moving summation tabula- 
tion. Here attention is invited to the fact that the sum 
of the annual temperature data for Philadephia for the 20 
years ending with 1844 is 1047°, and for the 20 years 
ending with 1932 it is 1109°, a difference of 52°, or an 
average annual difference of 2.6°. If doubt exists as to 
the realness of this remarkable showing, comparison with 
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similar graphs for other stations in different localities 
and even different countries, discussed later in this 
paper, is invited. 

igure 2 (data in table 1) shows, in a striking way, a 
very definite upward temperature trend for the Midwest 
ae the eastern United States, from the records for 
St. Paul, Minn., and St. Louis, Mo., for the former, and 
Washington, D.C., for the latter. These curves indicate 
a nearly uninterrupted upward temperature swing since 
1875, or for more than half a cent Moreover, the 
trend is marked, the summation for St. Paul for the 20 
years ending with 1876 being lower by 52°, or an average 
of 2.6° a year, than for the 20 years ending with 1932, 
Attention is called also to the regularity and coincidence 
of the rise in the curves for the three records. 

Figure 3 (data in table 1) contains the longest compar- 
able records available—New Haven, Conn., 153 years; 
and Copenhagen, Denmark, 134 years. The rise in the 
latter part of both records, the former going back 57 
years and the latter 75 years, is evident. That is, the 

eneral upward swing in temperature began in northern 
we represented by the Copenhagen record, about 
20 years earlier than in the United States. A previous 
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FIGURE 9.—20-year ee rature summations, representing low latitudes (Trini- 
dad, West Indies; Bombay, India; and Batavia, East Indies). Data in table 1. 


major peak in the curve is shown for New Haven in 1810, 
or about 120 years ago, and for Copenhagen in 1835, 
nearly a century ago. 

City influence on records.—It has been suggested that 
these tendencies to abnormally high-temperature records 
in recent — may be more apparent than real, in that 
data cite 
thermometers may have been unduly affected by artificial 
influences that do not obtain in the open country. We 
have examined this phase of the matter and find that the 
suggestion is not well taken. It so happens that con- 
tinuous, dependable cooperative records, made in the 
open country, or in small communities, are available for 
comparison with nearby city records. Among these are 
Dale Enterprise, Va., near Lynchburg, and Easton, Md., 
near Baltimore, which afford excellent comparisons 
between city and country exposures of instruments. 
The records from these points are presented in figure 4 
(data in table 1) from which it is evident that, if any- 
thing, an even more pronounced upward trend exists in 
the cooperative data than in those for the nearby first- 
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order city station. These records cover a uniform period 
of 41 years from 1892 to 1932, inclusive. Corroborating 
this, figure 5 (data in table 1) contains a much longer 
cooperative record made at West Chester, Pa., near 
Philadelphia, covering 78 years from 1855 to 1932, com- 
pared with the same period for the latter city. Here again 
we find the cooperative record showing the same trend, 
and just as pronounced, as that for the Philadelphia 
station. These showings definitely dispose of the city- 
influence argument. 

Figures 6 to 9 (data in table 1) are included to give, as 
nearly as we have been successful in finding, complete 
comparable records for a uniform period of 60 years for 
different parts of the world. Figure 6 represents a belt 
across northern North America, ineleding Portland, 


20-Ytars ending 
800 10 20 30 40 30 CO 8 ‘9% 1900 W 2 30 
o>) Le T T T T T T T T T T T (fF) 
6/0 736 
600 726 
WINTER IN Epes 
4 
686 
550 U 676 
960 1096 
940 
8 
20 
SUMMER 
\ 
1390 7 ~ 493 
1370 M73 
1080 68 
1070 
1050 M38 
1040 
777) 
[ \ 
1020 wf 108 
d ea —— WEW HAVEN, CONN. 
“010 WESHINGTON, a Cc 09% 
L 


FIGURE 10.—20-year moving tem ture summations of seasonal tem ture data 


(winter, spring, summer and fall); New Haven, Conn., and W ton, D.C.; 

trend lines superimposed on a common base. Data in table 3. 

Oreg., in the far West, and Winnipeg and Toronto, 
Canada, in intermediate and eastern locations, respec- 
tively. Three European stations, in addition to the 
Copenhagen data already discussed, are contained in 
figure 7, namely Paris, Vienna, and Greenwich. Figure 
8 represents Southern Hemisphere stations in a belt 
along the 33°-34° south latitudinal zone, and extending in 
longitude from 71° W. to 18° E. The stations are Santi- 
ago, Chile; Buenos Aires, Argentina; and Cape Town, 
South Africa. Figure 9, represents a low latitude, or 
ie belt, including Trinidad, W.I.; Bombay, India; 
and Batavia, D.E.I. 

The practically unanimous testimony of these graphs, 
hot only establishes the realness of these upward tem- 
perature trends, but shows that they are operative on an 
extensive geographical scale. 

It will be noted that the latter part of the Trinidad 
record shows a downward trend in opposition to the 
others. In this connection it may be stated that similar 
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conditions are found to cover low latitudes from the West 
Indies eastward over northern Africa and the Mediter- 
ranean country. A number of stations in this region, such 
as Alexandria, Egypt, and Palma, Spain, show similar 
trends. The opposition appears to be confined to this 
particular region. 

Seasonal trends.—In figure 10 (data in table 3) seasonal 
curves are presented for two long records in the eastern — 
United States—New Haven, Conn., and Washington, 
D.C.—the former beginning with 1781, and the latter 
with 1817. These records cover well over a century of 
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time and must be credited with offering interesting and 
corroborative testimony. The four seasons—winter, 
spring, summer, and fall—are charted separately and, to 
facilitate comparisons, the lines for each season are 
superimposed on a common base. The similarity of these 
trends is remarkable, considering the very considerable 
distance between the stations. The results show not 
only that present tendencies to abnormally high tempera- 
tures are widespread, even on a seasonal basis, but also 
by trend concurrence that the fundamental observational 
data are trustworthy, and are of such character as to 
afford complete co dence in their integrity. 
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There is some disagreement for a few years after the 
beginning of the Washington record but, from about 1845 
on, the similarity is striking. A minor winter divergence 
appears about 1915 to 1920, due to unusually cold 
weather in Washington being much less severe, relatively, 
in New England, such as the War winter of 1917-18. An 
outstanding coincidence is presented in the summer 
trends during the last 25 or 30 years, largely in opposition 
to those of other seasons. 

graphs more critically, we find in the 


case of the New Haven winters very definite, compara- 
tively short-period fluctuations, as follows: 
Years 


Disregarding these comparatively minor fluctuations, 
there is an outstanding recession in the curve from a 
maximum about 1812 to a minimum in 1873, a period of 
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Figure 12.—20-year moving totals of days with freezing weather in fall and in spring, 
Washington, D.C. Data in table 2. 
about 60 years; then a pronounced rise up to 1933, or for 
more than 70 years. The Washington winter curve 
closely follows that for New Haven for 100 years, except 
for a short period just prior to 1920, previously mentioned. 
With these graphs before us, the question, in passing 
would seem pertinent, “What about granddad’s old- 
fashioned winter?” The records for both stations show 
in the early seventies the winters for 20 years up to that 
time averaged 3° or more colder than for a like period 
ending with the winter of 1932-33. This is quite a 
difference in average winter 6 ie oy comprising a 
span of 3 months, and for a period as long as 20 years. 
The trends for the spring months for the two stations 
show close agreement since about 1845, actually for more 
than 100 years, because the records extend back 20 years 
beyond the respective points on the graph. In the case of 
New Haven there is a comparatively short down, then up 
trend, with maxima about 1810 and 1845, and minimum 
in 1825. From 1845 there is a pronounced recession, in 
both curves, to 1875, or about 30 years; then an even 
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more prominent rise up to the present, or for more than 
half a century. 

For the summer, the highest points for the New Haven 
curve appear for the 20 years ending with 1807 and that 
ae 1881, the maxima being about 75 years apart’ 
The Washington record does not go back to the first New 
Haven peak, but the second crest of the latter coincides 
with a similar maximum for Washington in the early 
eighties. An interesting feature of these curves is the 
recent comparatively cool summers. In other words, 
following 1880, while the winters, springs, and falls were 
becoming definitely warmer, the summers were getting 
cooler. More recently they, too, show a recovery in the 
trend lines corresponding with the other seasons, 

The fall months show the most remarkable trends in 
this series of graphs. Beginning with Washington for 
1848, and New Haven for 1850, disregarding minor fluc- 
tuations, there is shown a very definite upward trend in 
the temperature curves to 1932; in other words, the falls 
in the eastern United States unquestionably have been 
getting definitely warmer for the last 100 years when the 
long-time temperature trend is considered. Figure 11 
(data in table 3) shows confirmatory seasonal trends for 
the State of Iowa, based on the average temperature for 
all stations within the State for a period of 61 years from 
1873 to 1933. The reader is again reminded that, in 
considering these curves, each successive point thereon 
represents data for the 20 years preceding the date of 
entry. 

In concluding this study, other weather features directly 
related to general temperature conditions were examined 
such as the occurrence of frost in the fall and spring, the 
number of days in winter with certain low temperatures, 
the occurrence of freezing weather in the fall and spring 
seasons, the length of the winters, as indicated by the 
first frost in fall and the last in spring, etc. All of these 
confirm the general statement that we are in the midst of 
a period of abnormal warmth, which has come on more or 
less gradually for many years. An example of this 
auxiliary evidence is shown in figure 12, in which the 

eneral trend of the number of days with freezing weather 
in fall and in spring at Washington, D.C., is charted for a 
period of 60 years (data in table 2). It will be noted 
that for the 20 years ending with 1892 there was for the 
spring months (after February) a total of 354 days with 
minimum temperature 32° or lower, and for the 20 years, 
ending with 1933, this had dropped to 237 days, a reduc- 
tion of one third from the early total, or an average differ- 
ence of 6 days a year. 

The following additional supporting evidence from the 
records of Washington, D.C., may be cited. The average 
number of days with freezing weather (minimum tempera- 
ture 32° or lower) for the 3 winter months, December to 
February, for the 20 winters up to 1911-12 was 66 and 
for a like period, up to 1932-33, 57 days. Again, for the 


same periods, the average number of days with tempera- 


tures continuously below freezing (maximum 32°, or 
lower) was 15 and 10, respectively. That is, the average 
number of days with temperature continuously below 
freezing for the earlier 20-year period was 50 percent 
greater than for the latter. Also, the average length of 
the frost-free season (number of days from the last killing 
frost in spring to the first in fall) for the 20 years ending 
with 1906 was 188 days and for a similar period ending 
with 1932 it had increased to 199 days. 
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TaBLe 1.—Mean annual temperature 
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TaBLE 1.—Mean annual temperature—Continued 
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TaBLE 3.—Mean seasonal temperatures—Continued 


TABLE 3.—Mean seasonal temperatures—Continued 


Towa State 


Fall 


Sum- 
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Fall 


Sum- 
mer 


Spring 


ter 


Win- 


New Haven, Conn. 
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= ‘mer | Fall Spring) ‘mer | F#!!| ‘ter |SPring| ‘mer 
51.6 | | | | 8 | 57. 
4 1 | 87. 50. 1 
1823..-.| 26. 1881__.. 46, 2 : | 6 | 87 46.5 8 
6 | 4 | 56. 45.0 
34 | 1886... 46.5 3 | 1| | 3 | 57. 47.8 
45.5 | | | 3 | 55. 49.7 9 
1830... Ls 1 48.5 7 | 0 | 54. 49.7 1 
45.5 | | | 5 | 57. 45.3 
1832... 5 3 7 | 56. 45,2 3 
1883...-| 29. | | 1 | 55. 43.8 8 
1837....| 24. | 45.9 6 | 57 50.3 3 
99. 1896... 46.5 0 7 P 7 
1838 7 | | 47.4 7 4} | 3 57. 46.1 
 1897---- 47.4 | | | | | | 57. 48.4 3 
1840... | 46.1 5 | 2 | 56. 44.0 4 
1841... 1899... 45.8 8 | 8 | 61. 48.7 4 
1843...-| 25. | | | 58. 50. 4 3 
29. | 1903... 50.6 5 6 | 6 55. 50. 1 1 
39, 46.2 | | | 6 | 54. | 46.2 7 
31 | 46. 1 3 0 | 59. 46.8 0 
1848... “4 5 | | 55. 45. 2 | 0 
1840.---| 26. 1907... 3 | 56. 49.3 | 
1909... 46.5 9 2 7 | 56. 44.7 
1853....| 33. | 1911. 47.1 9 4 | 56. 5 
1855 27. | 1913... 49.3 2| 9 | 58. | 
25 47.7 | | | | Mis 
----| 36. 40.9 | | | | 56. | 47.4 | 3 
1858...-| 31 | 0 | 52. 45.1 7 
29 | | | real | 87. 50. 9 2 
29. } 1922... 49.4 7 | 4 7 | 59. 50. 5 
1865... 26. | 1923..__ 48.8 l 7 2 56. 45.8 
1866....| 27. | 1924... 49.4 3 | 7 | 55. 45.5 
1867_...| 25. 1925..__ 49. 2 4 3 | 7 | 56. 
1968... 21. 1926... 44.7 9 8 1 | 57. 47.6 9 2 
1369... | 28 | 1927... 47.2 2 6 | | | 60. 
1870... 29 | | 1928____ 46.1 3 | 9 | 4 | 58. 48.6 
1871... 25. 1929.___ 49.4 8 | 6 | 57. 49.3 
1873...-] 26. 45.91 74.5 49.0 1931. 48.7 0 6 46.9 3 
1874..-.| 30. 11.8] 43.5 | 69.7| 46.2 1932... 47.3 | 1 | 57. 
32 | | | 26.3 | 45.5 | 71.7 40.2 1983. 48.5 | |...... 6 |------ 
70.9 | 49. 
1877....| 29. | | 
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BALTIMORE, MD., WEATHER RECORDS FOR OVER 100 YEARS 


By Joun R. 
[Weather Bureau, Baltimore, Md., Sept. 11, 1933] 


A very long weather record is necessary in order to 
cover abnormal weather periods, and even then we can- 


Warmest and coldest seasons; wettest and driest seasons; driest and 
wettest months at Baltimore, Md., 1817-1933—Continued 


not be sure that all extremes natural to the locality have 
been met. Warm Cold Wet Dry 
At Baltimore observations began with 1817, and there arate 
are now nearly 117 years of record. Nevertheless, in the Aver! Date | Ave! pate | Total} Date | Total | Date 
past 10 years have occurred the driest month (October 
1924, 0.05 inch); the wettest month (August 1933, 13.83 
: 4 81.0] 1870 |.......- 1816 | 23.00} 1817| 2.56] 1869 
inches); the driest year (1930, 21.55 inches); the driest 78.8| 1868| 1836] 2266] 1920| 3.59| 1864 
autumn (1930, 1.87 inches); the warmest year (1931, gel 
59.2°); the warmest winter (1931-32, 45.3°); the warmest 
autumn (1931, 64.7°); the highest May temperature (98° 78.1| 1930] 73.2] 1886] 1854] 1903| 6.55| 1909 
in 1925); the highest June temperature (101° in 1925); 
the highest November temperature (82° in 1929); the Normal...| 75.6 |--.-.---- 75.6 |..-.----- $1.96 11.98 j......., 
lowest November temperature (12° m 1929); the lowest 64.7} 1931| 53.1| 1836] 19.70| 1821| 1.87| 1930 
April temperature (15° in 1925); the greatest Novem- 
ber 24-hour rainfall (3.34 inches in 1926); the greatest 
August 24-hour rainfall (7.62 inches in 1933); and the 61.1 1027 54.2 1876 16.05 1875 470 1681 
rainfall of any month (7.62 inches in seal sor] keel 
Warmest and coldest seasons; wettest and driest seasons; driest and = Years----------- 59. 2 1931 | 51.8 1836 | 62.35 1889 | 21.55 | 1930 
wettest months at Baltimore, Md., 1817-1933 mel wai mel 
58.5} 1826| 53.4] 1917] 54.62) 1836] 23.02, 1864 
582] 1865| 53.6) 1803| 5211| 1886| 27.48| 1866 
Season 1828| 53.7| 1862] 51.70! 1839] 28.39| 1845 
| Date | Aver | Date | Total | Date | Total | Date Normal...| 55.6 |.......-- 42,09 |......... 42.00 
Winter......-.. 45.3 | 1931-32 | 29.3 | 1917-18] 18.45 | 1858-59] 3.80 | 1 Driest months Wettest months 
44.5 | 1 29.7 | 1903-04 | 15.90 | 1914-15| 3.97 | 1870-71 
43.3 | 1827-28 | 29.9 | 1904-05] 15.41 | 1880-81] 4.24 | 1871-72 
41.4 | 1879-80 30.7 | 1892-93 | 15.01 | 1881-82 4.33 | 1829-30 Month Year | Amount Month Year | Amount 
41.0 | 1850-51 31.4 | 1835-36 | 14.90 | 1902-03 4.90 | 1847-48 
40.4 | 1869-70 31.5 | 1919-20} 14.80 | 1901-02 5.12 | 1863-64 
40.4 | 1857-58 | 31.6 | 1866-67 | 14.48 | 1 5.17 | 1900-01 13.83 
40.4 | 1824-25 | 31.6 | 1880-81 | 14.45 | 1823-24 | 5.20 | 1818-19 12.8 
11. 
59.2 1869 | 44.8 1843 | 21.23 1889 | 3.98| 1847 
59.1} 1922] 488| 1841] 17.60] 1839] 4.10| 1855 10. 50 
58.8} 1921] 50.2| 1836] 17.23| 192%] 416| 1866 10. 40 
58.4 1826 50.7 1874 | 17.10 1854 5.14 1856 9. 49 
57.7|  1827| 50.7| 1857] 1690, 1829] 5.52| 1869 
57.3 1929 50.8 1892 | 16.70 1892 5.55 | 1845 
57.3 1871 50.8 1863 | 16.14 1863 5.62 | 1915 
57.0; 1831! 50.3| 1875] 1601] 1910) 5.89! 1827 
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THE NORTH ATLANTIC TRADE WINDS 


By C. L. Ray 
[Weather Bureau Office, San Juan, P.R., Sept. 30, 1933] 


The fact that the area of the trade-wind belt of the 
North Atlantic is estimated to be 10 million square 
miles suggests the impracticability of attempting a de- 
tailed study of the wind data over the entire region. 
In the monthly Pilot Charts of the United States Hydro- 
graphic Office of the Navy we have a complete set of 
monthly averages of these winds. Their percentages, 
including calms, velocities in terms of the Beaufort scale 
and prevailing directions, within the 8 points of the 
compass, are given for each 5° of latitude by 5° of longi- 
tude. Observations from transatlantic and coastwise 
ships contributed largely, and continue to do so, to the 
conevetinre mapping of ocean areas. On the other 
hand, we lack comparative data for different years, at 
least in assembled form. The present paper gives a more 
or less detailed arrangement of the wind data by months 
and years for one station (San Juan, Puerto Rico) in the 
trade-wind belt. It includes the variations from year to 
year in total wind movement; treats of the ‘‘trades”’ as a 
separate entity; gives the wind velocities and notes the 
percentage of winds from the east, northeast and south- 
east. These data also are compared with their normal 
or average values. 

Beals ' has given an interesting survey of ‘‘The North- 
east Trades of the North Pacific” from which suggestions 
have been obtained for the present paper. In referring 
to the general world aon system, the following is 
quoted as applying with equal force to both areas: 

The chief features of world pressure distribution are (1) an 
equatorial belt or zone of diminished pressure, (2) another of high 

ressure around the world about 30° north and south of the 

quator, and (3) other belts of low pressure about latitude 60° 
north and south. The high-pressure belts about 30° from the 
Equator are not continuous around the world but form a series of 
well-known semipermanent anticyclones, each with its appropriate 
wind system. he most prominent semipermanent anticyclones 
in the Northern Hemisphere are the great Siberian anticyclone of 
winter, and winter only, and the two oceanic anticyclones—the 
the Azores in the Atlantic and the North Pacific in the ocean of that 
name. * * These cyclones and anticyclones must not be 
confused with the traveling cyclones and anticylones of the daily 
weather maps. The latter preserve their form and travel in a 
definite direction over the earth’s surface for a time. The former 
on the other hand, must not be thought of as having [in any case] 
a distinct entity which is continuously preserved. 

The Azores HIGH, associated with the trade-wind sys- 
tem of the North Atlantic area, attains its greatest extent 
and force in June and July, with a maximum pressure of 
30.25 inches, gradually diminishes during the fall months 
to a minimum pressure of 30.10 inches in October. In 
July it extends from latitude 30° N. to 40° N. and longi- 
tude 20° W. to 50° W. The wind circulation about the 
Azores anticyclone is clockwise in direction, northeast 
predominating in the eastern half of the area, becoming 
east-northeast to east, with diminishing latitude and east 
and southeast near the Equator and north of the West 
Indies under the influence of the southerly circulation in 
the left half of the formation. Farther north in latitude 
35° to 50°, winds become southwesterly. The mean 
amar of the center of this anticyclone shifts somewhat 
rom month to month, reaching in July to approximately 
35° N. latitude and 35° W. longitude. In September it 
is at 30° W. longitude and in December at latitude 35° N. 
longitude 20° W. Its most southerly position is reached 
in January, 28° N. at longitude 39° W. The wind veloc- 
ity over this area is indicated on the pilot charts generally 


‘ Beals, Edward A., Mo. Wea. Rev., May 1927, vol. 55, p. 211. 


as force 4 of the Beaufort scale (approximately 20 miles 
per hour). This velocity pertains to all winds having an 
easterly component except in October and November 
when it is slightly less. In addition to the above charts 
there are available daily records from few island and coast 
stations of the Atlantic and adjacent coasts. ~ 

San Juan, latitude 18°29’N., longitude 66°78’W., lies 
on the north coast of Puerto Rico, 53 feet above sea level, 
in the south and west portions of the Azores anticyclone 
area. The prevailing direction of the wind at the station 
is between east and southeast, and varies with the season 
and the hour of the day. The anemometer and wind 
vane are located on a 50-foot steel tower. The exposure to 
northeast and east winds is excellent. In December and 
January a somewhat greater amount of northeast wind 
than southeast is recorded, with the prevailing direction 
easterly as other parts of the year. A less-satisfactory 
exposure is afforded to the winds from the southeast, 
owing to the interference of mountains in the east interior 
of the island, to the southwest of the station. The 
velocities of winds from the southeast, as recorded at the 
station, are noticeably lower than those of northeasterly 
and easterly direction, although Pilot Charts for the same 
area, but representing open sea exposure, show equal 
force from all winds that have an easterly component, 
whether northeast, east, or southeast. These have an 
average force of Beaufort 4, compared with a force of 
2 to 3 for southeast winds at the Weather Bureau exposure. 
Another disturbing factor in connection with station 
velocities from the southeast is the land breeze from the 
south and southeast, comprising a considerable portion of 
the wind movement at night, which though distinct from 
the trade-wind circulation cannot be separated from it. 

In tables 1 and 2 are shown the percentages of winds 
recorded from the several points of the compass, and also 
the percentages of northeast, east, and southeast winds 
for each month, considered as a group. In table 3 the 
same data are presented in greater detail, and in table 4 
a grouping by 5-year periods is made. A change in the 
direction of the ‘‘trades’’ will be noted for the last 10-year 
period, 1920-29, indicated by a marked increase in east- 
erly movement with concurrent decrease in the northeast 
and southeast winds. This is clearly shown in the 
following table: 


Percentage of winds from— 
North- South- 
east East east South 
20 35 26 10 
6 55 16 15 
Entire period, 1905-29.................. 15 44 23 12 


A similar shift from the existing normal direction 
occurred in the North Pacific area at approximately the 
same period, as discussed by Mr. Beales (see earlier ref- 
erence). The 5-year citem 4 at Honolulu, included as 
part of table 4, does not fully indicate the extent of the 
change, which beginning in 1922, showed an increase 
of 200 percent in the easterly movement at the expense 
of northeasterly winds. Quoting Mr. Beals in this 
connection: 


Following a change in e ure of the wind instruments in 1922 
{at Honolulu] the average [of east winds] was a little more than 
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tripled, thus one can hardly escape the conclusion that the influence 
of an unknown factor, which probably existed before the change in 
exposure, was greatly increased by the change. It is nevertheless 
possible that a progressive although slight change in the average 
track of anticyclones in the North Pacific may have caused the 
change in wind direction under consideration. There is, however, 
no readily available information as to the track pursued by anti- 
cyclones for the years in question. 


The analogous condition found at San Juan for the 
same period, and continuing for another 5-year period 
thereafter (no data are at hand for the latter years 
at Honolulu) would seem to indicate that the course of 
the anticyclone movement has possibly undergone a 
slight shift to the northward in the North Atlantic. 
That such a shift has taken place is indicated, but not 
proved, by the slightly higher pressure—for the year— 
at Horta, Azores Islands, since 1920. Horta, though 
within the central area of high pressure in June and July, 
is normally slightly north of the center. A shift of the 
track to the north would therefore, of course, be accom- 
panied by higher readings at that station. However 
this would not take account of regular changes in the 
strength of the n1GH, which may explain the increase in 
pressure at Horta observed in this period. Northeast 
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Ficure 1. Diurnal velocity of winds, San Juan, P.R. 


winds, as a rule, attain their greatest frequency at San 
Juan during January, when the continental high pressure 
area, central in the North American interior, normally 
extends its influence eastward, off the southeast United 
States coast. In this connection, a correlation of the 
January pressure at Nassau, Bahama Islands, with the 
northeast wind frequency at San Juan, indicates an ap- 
parent relation between the strength of the pressure at 
that station and the increased northeast movement at 
San Juan. Average pressure at Nassau for the period 
between 1921 and 1929 is, however, not iamnstatily 
available for reference, so that it has not been possible 
to continue the comparison through the years in question. 
The above relationship does not appear to hold for other 
months but relates only to the pressure distribution 
obtaining during the month of January. 

In table 5 is given the total monthly and annual wind 
movement in miles, and in table 6 the same data for NE., 
E.,and SE. winds. The greatest mileage for all directions, 
and also for NE., E., and SE. winds, as a group, occurs in 
July, when the North Atlantic anticyclone is in greatest 
ascendency. The average hourly velocity is slightly 
greater in January for all directions, owing to the occur- 
rence of considerable strong north and northwest winds, 
which are absent during the summer. In table 7 is given 
the monthly and annual percentage of the normal move- 
ment of wind from the NE., E., and SE., by years from 
1905-29. In January 1916 the “trades” were 76 percent 
above normal; in January 1909 they were 47 percent be- 
low normal. In July 1917 they were 40 percent above 
normal; in July 1916, 26 percent below the average. 
For the year 1922 the amnak movement of the “‘trades”’ 
at San Juan was 20 percent above normal; in 1912, 15 
percent below the average. 
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As stated earlier these trade winds show, for open sea 
exposure, an average velocity of about 20 miles per hour 
for winds with an easterly component. The diurnal 
variation in wind velocities at the station is shown in 
Fig. 1. Lighter winds prevail during the night, with 
wi increasing between 8 a.m. and 3 p.m. 

Calms are infrequent in the zone embracing the West 
Indies. Over the North Atlantic as a whole we find 
several sections, comparatively small in extent, where 
little or no wind movement occurs for considerable peri- 
ods. The ‘‘doldrums” are a well-defined quiet area, 
central at approximately 5° to 10° N. latitude in Septem- 
ber. This region is of interest as the breeding locus of 
the tropical hurricane of late summer and autumn, of 
greatest frequency in September and August. To the 
westward, another, though smaller, area of calms is lo- 
cated in the west Caribbean and Gulf of Mexico, longitude 
80° to 90° W. from which may form the southwest Carib- 
bean hurricane, frequent in the latter half of September. 
In the north a third quiet area at approximately latitude 
25° to 35° N. between longitude 20° to 50° W. is in the 
central portion of the Azores anticyclone. 

The depth of the trade winds at San Juan and at Hono- 
lulu have been previously referred to in the MontTHLYy 
WeaTHer Review.’ These several studies indicate the 
vertical extent of the easterly winds at between 5,000 and 
6,000 meters on the average, varying with the season. 
They are highest in the summer under the influence of 
strong convection. Tables 10 and 11 give the percentage 
of directions for the several levels by seasons and the 
years, with velocities in meters per second. Approximate 
equivalents in miles per hour may be derived by multi- 
plying the number of meters per second by 2.2. Upper- 
air velocities of the “trades” probably do not depart 
greatly from the averages for all velocities combined— 
shown in the table—at least through the 6-kilometer 
level. Above that level observations become fewer in 
number and the directions more variable if not predomi- 
nantly from some westerly point. 


TaBLeE 1.—Percentage of NE., E., and SE. winds for each month of 
the year, San Juan, P.R. 


Month Percent Month Percent 
74.3 


TABLE 2.—Percentage of winds from the eight points of the compass— 
monthly and annual 


N. | NE.| E. | SE.| 8S. |SW.| W. [NW. 

2.2 20.5 | 45.4/17.7] 92! 34] 0.6 1.0 
2.5 | 18.2) 41.6] 194/112) 55] 0.5 11 
3.7 | 18.9 | 3.8) 09 2.0 
dado 1.6 | 19.8 | 41.6 | 21.56 | 11.4] 27] 0.7 0.7 
1.1} 11.8 | 43.8 | 27.9) 126) 18] 05 0.5 
0.2] 7.5] 55.3] 29.0] 7.0) 06); 03 0.1 
0.2; 9.0) 61.8] 222) 59] 08] O1 0.0 
0.6 | 12.9 | 54.61 21.8] 8&3] 12] 03 0.3 
1.4 | 11.9 | 35.3 | 27.1 | 17.9 4.4 1.2 0.8 
1.3 | 10.5 | 29.2 | 26.3 | 24.2] 6.3 1.2 1.0 
2.5 | 17.9 | 30.2 | 21.9] 18.4! 62] 1.4 1.5 
3.5 | 20.2 | 40.7] 182/111) 42] 10 

1.4] 149 | 43.7 | 22.7/124) 3.4] 0.7 0.8 


1 Beals, E. A. Free-air winds over Honolulu and Guam. May 1927, vol. 55, pp. 
222-226; Fassig, O. L. Pilot-balloon observations at San Juan, P.R. January 1924, 
vol. 52, pp. 22-26; Ray, C. L. Free-air winds at San Juan, P.R. November 1931, vol. 
o1 + Fassig. O. L. The trade winds in Puerto Rico. May 1911, vol. 39, pp. 
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TaBLE 3.—Number of hours each year the wind at San Juan was TasuiE 4.—5-year average annual of NE., E., and SE. winds at San 
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Juan, P.R., 1905-29, inclusive 


NE., E., and SE., 1905-29, inclusive 
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TaBLe 5.—Total monthly and annul wind movement in miles at San Juan, P.R., period 1905-29, inclusive 
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Years 1928-29 from 3-cup anemometer. 


TABLE 6.—Total monthly and annual movement in miles for NE., E., and SE. winds only, at San Juan, P.R., 1905-29 


ER ES 


94, 316 


8, 158 


6, 023 


5, 074 


September} October | November| December | Annual 


6, 001 


August 


8, 982 


July 


June 


8, 581 


May 


7, 975 


April 


8, 251 
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7, 467 


January | February March 


9, 286 


Year 
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Means....- 


Years 1928-29 from 3-cup anemometer. 
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TaBLE 7.—Monthly and annual per 
ment of the wind from NE., E., and 


of the normal move- 
E. at San Juan, P.R., 


1905-29 
Year § 3 
ele 
75|101| 74| 95| 113/100] 90] 94] 85] 93| 92 
8i| 66| 87] 95| 109/101] 95] 98| 93] 110| 144) 98 
11} 79] 76} 80/102] 95] 100] 97] 73| 86] 82} 93 
62| 84| 101 | 107| 97] 90] 79] 80] 82] 96| 96] 93| 90 
53 | 114] 78] 110] 97/102] 93] 85; 99); 117] 82] 60; 90 
93 | 119| 78 108 | 114 | 100 | 104] 82] 93| 57] 78| 96 
117! 87} 95) 82/109] 77] 87| 59] 70| 84] 79) 90 
74| 7411191 84] 97) 98) 88 74/ 87); 86] 85 
149 | 94] 153 | 105 | 107 | 118 | 105} 108 | 75| 159! 78 | 115 
101 | 85/105 | 102| 113| 114] 114] 79| 93] 52] 88] 98 
si | 59) 133 | 112] 107] 112} 89] 77| 91| 130} 117 | 101 
176 | 117] 103 | 96; 68| 74] 120! 94| 111! 149! 136] 111 
121 | 118 | 94] 88] 97] 140| 91 | 107] 118] 90] 114 
81 | 147 | 104 | 108 | 147] 99] 106] 108| 93 | 109! 81 | 105 | 108 
69| 77| 112| 108 | 126] 80] 86] 127| 131 | 154| 69| 90} 98 
126 | 80/108; 96] 138/112) 75] 88] 110} 98} 107 
103 | 73] 152] 115| 81| 76 115| 117| 72| 99 
106 | 157 | 150 | 132 | 114 | 105 | 114 | 101 | 62] 73 | 112] 142} 120 
122 | 130 | 150| 76| 114 115| 67| 55| 128 | 108 
118] 110| 55} 78| 83| 103 | 128| 93] 86 | 103] 144 | 100 
106 | 74| 85} 55| 93| 101| 101/129] 96] 69] 91 
91| 95| 80| 100 102| 91; 87| 75| 96| 107| 125] 93 
112 | 118 | 82] 114| 116| 110| 84| 78] 82] 88 | 140] 102 | 102 
109 | 107 | 95 | 116 103 | 93 | 80] 107] 84 99 
95} 96) 111 | 95) 122] 99] 112] 95 110 | 130 | 111 | 104 
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TABLE 8.—Percentage » oa with easterly component at San Juan, 


.R. (upper air) 
Elevation lkm | 2km | 4km | 6km | 8km | 10km 
100 93 63 33 13 1 
97 95 84 63 28 31 
89 81 56 42 33 27 
96 86 61 45 22 4 
94 86 66 47 29 21 


TaBLE 9.—Velocities in meters per second, at San Juan, P.R. 


(upper air) 
Elevation lkm | 2km |} 4km | 6km/| 8km | 10km 
9.2 6.1 4.9 6.6 10.9 18.0 
8.7 7.4 5.3 4.8 6.1 8.1 
7.9 6.0 5.0 7.2 9.4 17.0 
7.4 6.0 4.7 5.2 7.2 10.7 


THE TEMPERATURE RELATIONS BETWEEN WATER AND AIR AT SAINT 
ANDREWS, N.B. 


By H. B. Hacury 
{Atlantic Biological Station, Saint Andrews, N.B., August 1933] 


INTRODUCTION 


One phase of the hydrographic investigations carried 
out by the Biological Board of Canada requires the 
recording of water temperatures throughout the year at 
various points on the Canadian Atlantic coast. In this 
connection water and air temperatures have been recorded 
at Saint Andrews, N.B., for several years past. The 
records for the period 1921-29, inclusive, have been ana- 
lyzed and form the subject matter of this paper. 

Collection and compilation of data—The water temper- 
atures were determined twice daily from the end of the 
pier at the Atlantic Biological Station, usually at 8 a.m. 
and 5 p.m. The depth of water at the end of the pier 
varies foi approximately 10 feet (3.0 m) to 35 feet (10.6 
m), depending upon the time and amplitude of the tide. 

aximum and minimum air temperatures were obtained 
daily by means of a thermometer situated about 20 feet 
(6.1 m) from high-water mark and about 10 feet (3.0 m) 
above high-water level. 

From the recorded data for the period 1921-29, inclu- 
sive, monthly normals for water and air have been de- 
termined and are recorded in table 1 and plotted in 
figure 1. 

Analysis of data.—Sine curves were found to fit the 
plotted data quite closely. The equations representing 
these curves are as follows: 


Water, y,=6.2—6.2 sin ret?) (1) 
Air, y,=6.0—12.4 sin riers) (2) 


where 
y, =normal water temperature in degrees centigrade. 
Y2=normal air temperature in degrees centigrade. 
and time expressed in months. 
Values of y, and y, calculated afrom the above equations 
are given in table 1. 


According to equations \.) and (2) we have the fol- 


lowing results: 


1. Normally, the maximum daily mean air tempera- 
ture is reached on July 15, and the maximum daily mean 
water temperature is reached on August 15. 

2. Normally, the minimum daily mean air tempera- 
ture is reached on January 15, and the minimum daily 
mean water temperature is reached on February 15. 

It is thus shown that in the Saint Andrews region the 
water temperatures lag behind the air temperatures by 
approximately 1 month. 

Combining equations (1) and (2), we may write 


Ys=Yi—Y2 = .2—-3.1 sin cos (3) 


where y; is the difference between the normal water tem- 
eratures and the normal air temperatures, equation (3) 
is also plotted in figure 1, and the palanlated values of 
yz are recorded in table 2. 
By means of a simple analysis of the equation for y; 
the following results are obtained: 
1. The greatest numerical values of y; are found to be 


2. Similarly 


3. The average positive value of y; is 5.0, and the 
average negative value of y; is 4.7. 4 

Limitations of the formula.—The value of the analysis 
of the various formulae is limited for the following 
reasons: 

(2) The normals have been derived from data ob- 
tained over a comparatively short period. The taking 
of air temperatures has suffered some short interruptions. 

(6) The variation between the normals derived from 
the observed data and those derived by means of the 
formula may be as large as 3.3°. : 

(c) It is possible to determine sine curves which will 
fit the observed values with greater accuracy. To do 
this it would be necessary to determine weekly normals. 
This would result in an increased amplitude and a slight 
change in the factor determining the phase. 
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Discussion.—The annual movements of the sun with 
reference to some fixed point on the earth being truly 
periodic, various periodic effects are produced. Atmos- 
pheric conditions remaining constant, a determination 
of the intensity of radiation falling daily on a chosen 
area would show a variation following a periodic law. 
In such a case a very shallow body of water would ex- 
hibit a similar periodic variation in temperature. If the 
depth of the water was considerable a pronounced lag 
in the water temperatures would be wR 

In the practical case, atmospheric conditions are any- 
thing but constant, and the various bodies of water that 
concern us are usually subjected to agencies other than 
direct heat from the sun which tend to determine the 
temperatures of the surface waters. To illustrate, 
various waters are frozen over throughout several months 
of the year with the result that the upper layers of the 
water have about the same temperature throughout the 
period of ice. Other waters are subjected to the influ- 
ence of waters of very pronounced currents which may 
supply varying amounts of either warm water, or cold 
water containing much drift ice or icebe The surface 
temperatures of water areas comparatively free from such 
influences would, however, follow a periodic law. 

Similarly, if the air temperatures in a given region were 
determined solely by direct heat from the sun, the mean 
daily temperatures would follow a periodic law. Various 
factors other than direct heat from the sun, particularly 
air movements, atmospheric conditions, and conditions 
on the earth’s surface, enter to determine the air tempera- 
tures in a given locality and consequently a periodic 
variation is only approximated. 

The temperatures of the surface waters in the St. 
Andrews region are peculiar to the region. A large body 
of water is concerned with tidal effects which bring 
about an interchange of surface and bottom water on a 
large scale. This volume action is responsible for the 
storing of heat absorbed, and for the releasing of heat 
when a transference from water to air can take place. 
That this storing of heat does take place on a large scale 
is shown by the marked lag of the water temperatures 
behind those of the air. 

The interchange of heat between the air and the water 
would be conteélied by a number of factors. Definitely 
the temperature gradient would play a large part in 
determining the magnitude and the direction of the inter- 
change. For this reason it is of interest to note the times 
of the year when the temperature gradient normally has 
its maximum and minimum values. The position of the 
sun with reference to the earth’s equator at the times of 
maximum and minimum values of the temperature 
gradient is also worthy of note. 

_ The average "Sgro value of the temperature gradient 
ls approximately equal to the average negative value. 
Hence, insofar as the temperature gradient is concerned, 
the influence of the water on the air in this region must be 
approximately the same as the influence of the air on 
the water. 

SUMMARY 


1. The normal temperature of the water at St. Andrews, 
New Brunswick, at any time can be represented by a 
formula of the form 

¥:=6.2—6.2 sin 242) 
Where y; is the temperature in degrees centigrade, and z 
is the time in months. 
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2. The normal temperature of the air at St. Andrews, 
New Brunswick, at any time can be represented by a 
formula of the form 

a(x+3) 


y= 6.0—12.4 sin 


where y is the temperature in degrees centigrade, and z 
is the time in months. 

3. The relation between the water and air normal 
temperatures at St. Andrews, New Brunswick, can be 
represented by a formula of the form 


¥y3=0.2—3.1 sin +7.0 cos 


where ¥3 = Y; — Y2- 


= 62-6.2sin 
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Figure 1. 


4. On July 15 the maximum temperature of the air is 
normally reached. 

5. On August 15 the water normally reaches its maxi- 
mum temperature. 

6. On January 15 the minimum temperature of the air 
is normally reached. 

7. On February 15 the water normally reaches its 
minimum temperature. 

8. On June 21 y; normally has its greatest negative 
value, i.e., the temperature gradient between the air 
and the water has reached its greatest positive value. 

9. On March 21 y; is norm equal to zero, i.e., the 
temperature gradient between the air and the water is 
zero. 

10. On September 21 y; is normally equal to zero, i.e., 
the temperature gradient between the air and the water 
is again zero. 

11. On December 21 y; normally has its greatest posi- 
tive value, i.e., the temperature gradient between the 
air and the water has reached its greatest negative value. 
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12. The average positive value of y; is normally 5.0, TABLE 2 
and the average negative value of y; is normally 4.7. 
TABLE 1 Observed values Caleus 
Month lated 
Air normals Water normals n values, ys 
Meath Observed, | pifter- [Observed |) | pitt 
lated from lated from 1.0 —6.4 7.4 7.2 
values [equation| | Values equation; ‘0 5.4 5.4 47 
(a) (0) (a-b) c) —2.9 
—6.4 —6.4 0.0 ( 1.0 8 0.2 6.5 11.2 —4.7 —6.0 
—5.4 —4.7 —.7 .0 .0 .0 T TN 8.9 15.1 —7.4 
5.9 6.0 -.1 3.1 3.1 .0 12.4 17.3 —4.9 —4.3 
11.2 12.2 —1.0 6.5 6.2 8 12.1 13.9 -1.8 —.6 
15.1 16.7 —1.6 8.9 9.3 —.4 10.2 8.5 1.7 3.3 
_ 18.4 18.4 .0 11.6 11.6 .0 7.1 3.1 4.0 6.6 
17.3 16.7 12.4 12.4 .0 3.5 —3.4 6.9 7.8 
13.9 12.2 12.1 11.6 
8.5 6.0 2.5 10. 2 9.3 
3.1 —.2 3.3 7.1 6.2 9 
—3.4 —4.7 1.3 3.5 3.1 4 


A REMARKABLE OCCURRENCE OF CYCLONES IN SERIES 


By Epwarp H. 
[Weather Bureau, San Francisco, Calif., September 1933] 


The occurrence of cyclones in series is a phenomenon Some years ago Mr. E. H. Bowie called the writer’s attention to 
the fact that the low-pressure areas enter and cross the United 


with those to h of States in series. The first low-pressure area in such a series will 
synoptic charts are more or jess lamar. inthe bjerknes enter the country well to the north and pursue a course eastward 
frontal theory such a series is designated a cyclone family. over the northern States; the second enters somewhat farther 
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Tracks of cyclones in the United States during October 1923. 


In an article on ‘‘The Planetary System of Convection’’, south, andsoon. The last low-pressure area of the series may enter 
the extreme southwest, and pass along the Gulf and Atlantic coasts, 


in the Review, although the series do not always carry as far south as this. The 
pril 1916, vol. 44, p. 194, one finds the following: series follow each other in close succession. The relation between 
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these series of low-pressure areas and the general meridional move- 
ment of the atmosphere seems to be quite direct. The fact that 
the low-pressure areas of any series pursue more nearly the same 
path across the Atlantic than they have pursued across the con- 
tinent seems to indicate that the change in position of the thermal 
equator occurs mostly over land areas. It is possible that the 
meridional motion found over the continental area is compensated 
by a meridional motion in the opposite direction of [over] the 
oceans. 

It is a fact that the cyclones of the North American 
Continent often occur in series. The first storm of each 
series runs its course far to the north, and each succeeding 
one farther and farther south and east usually until the 
entire continent is passed, after which any subsequent 
member of the series forms over the Atlantic Ocean. 

It should not be understood that the places of first 
appearance of the cyclones in successive groups are the 
same, but only that there is a tendency for the subsequent 
disturbances of a series to run farther to the south and east 
following the occurrence of the first, a fact that may be 
verified times almost without number by referring to 
the charts in the Montuty WratuHeER Review that show 
the chronological records of the tracks of cyclones. 

Of all the charts of this kind examined, that of October 
1923 best illustrates the tendency of cyclones of the North 
American Continent to occur in series. This chart of 
October 1923 is here reproduced in somewhat modified 
form to bring out the cyclone series of that month in a 
more detailed way. The first of the cyclone tracks of 
the series shown is designated A, and it lies over British 
Columbia. Its life on the continent was short, as it 
was charted for only one observation, that of the morning 
of the 6th. The second track, designated B, starts over 
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Nevada and ends over southern Alberta. The third, C, 
begins over Arizona and ends over northeastern North 
Dakota. The fourth, labeled D, begins over New Mexico, 
and being long-lived, ends in the region of Hudson Bay. 
The E£ track begins over the southwest part of the Gulf of 
Mexico and ends over Missouri, and the F following the 
E also begins over the Gulf of Mexico and ends over 
Ontario; G begins in the vicinity of Bermuda and ends 
near Cape Cod, while the H track begins to the southward 
of Cuba, crosses the coast line near Cape Hatteras, and 
ends near the mouth of the St. Lawrence River. The H 
track completes the series as far as the North American 
Continent is concerned. Possibly its continuance on the 
North Atlantic Ocean could be followed, but the material 
with which to do this is not available to the author. 


An inspection of the chart of cyclone tracks in the 
Montuty WeatHer Review for October 1923 shows 
that at the time cyclone F was forming and passing 
northward from the Gulf of Mexico, the first cyclone of a 
new series had appeared in Saskatchewan, followed by 
the formation of a second of the new series over Nevada 
and later a third of the series over the upper Rio Grande 
Valley. Thus it would appear that all of the cyclones of 
October 1923, between the 6th and the 31st, belonged to 
two series, the first of which began with A on the 6th in 
British Columbia and ended with H on the 26th in the 
St. Lawrence Valley. The equal of this interesting series 
is not to be found in the MonrHty WeratHEeR REVIEW 
charts of cyclone tracks for months previous to and 
following October 1923, although many interesting series 
are preserved in these charted records. 


FOG FORMATION AND DISSIPATION IN THE OKLAHOMA CITY AREA, 1920 TO 1931, 
INCLUSIVE 


By Perry O. 
{Weather Bureau, Oklahoma City, Okla., October 1933] 


Fog is most frequent in the Oklahoma City area in 
January and most lasting in February. An average of 
44 hours of fog may be expected in January with an 
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average duration of 12 hours. In unusual cases fog has 
continued with very little variation in intensity for 64 
hours. Usually, however, it does not last more than 12 
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hours. The average number of fogs per day and the 
average duration of each fog gradually decrease as summer 
approaches. The minimum average duration is in July 
and is not more than 3 hours. 

The duration, frequency, and intensity of fog are 
largely regulated by pressure, temperature, and humidity, 
though wind direction, sky honditiona, and convection 
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currents play an important part in fog formation and 
dissipation in this area. 

On an average, fog formation occurs when the pressure 
is steady to rising slowly, temperature age omg de and 
the dew point rising slowly to rapidly. ese factors, 
pressure, temperature, and dew point, tend to remain 
steady for the duration of the fog. ; 

Variations in the temperature and pressure act di- 
rectly on the humidity, and cause changes in the densit 
of the fog. A shift of the wind from either south or nort 
to easterly usually intensifies the fog and increases its 
duration, while a shift to westerly in almost all cases 
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8 
brings about its dissipation. An intermediate layer of 
clouds commonly prolongs the fog, while under a clear 
sky it will usually dissipate much quicker, especially cf 
after sunrise. Convection currents cause the fog to lift, th 
and if the convection is sufficient to cause light to moder- h 
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All the fog recorded for this area, with very few ex- 
ceptions, begins between 2 and 7 in the morning. When 
the sky is overcast and the humidity is high for several 
hours, or when the area is subjected to several days of 
moderate rains, fog may be expected to form during the 
afternoon and evenings. 

During the summer most of the fog is of the radiation 
type. This type, though also occurring tn the winter is 
most frequent during the spring and in the fall. Durin 
clear cool nights when the pressure is steady and the win 
light in any direction from south through east to north, 
fogs are likely to form. If there has been a rainy period 
of several days they are extremely likely to occur. These 
fogs generally dissipate soon after sunrise. If there is a 
dee covering, dissipation is much slower and the fog 
may last several hours after sunrise. If the temperature 
conditions are unfavorable for dissipation, the fog will 
continue until a decrease in pressure forces it to lift, after 
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—— it often remains as low stratus or strato-cumulus 
clouds. 

The surface wind here is westerly a very small per- 
centage of the time and there are but few fogs recorded 
as then forming. In practically all cases a shift of the 
wind during fog to a westerly direction has brought about 
dissipation. It is believed that this dissipation is largely 
due to warm dry air from the semiarid prairie country to 
the soughwest, west, and northwest. During the late 
fall, winter, and early spring, fog may be expected to 
dissipate before 1 o’clock in the afternoon, while duri 
late spring, summer, and early fall, dissipation wi 
usually occur before 9 in the morning. Under most - 
conditions fogs dissipate with rapid rises in temperature 
and pressure, however, convection currents cause it to 
lift and warm dry westerly winds reduce the humidity to 
such an extent that the fog dissipates. 


RAIN-BEARING WINDS OF CENTRAL OKLAHOMA 


By Perry O. Epreriy 
[Weather Bureau, Oklahoma City, Okla., October 1933] 


A —, of the relation of the rain-bearing winds of 
central Oklahoma to the prevailing direction of the wind 
for this area indicates that the wind of rain periods has 
— relation to the prevailing direction of the surface 
wind. 

During the entire year except February, the prevailing 
direction of the surface wind is south, however, durin 
late fall, winter, and early spring the wind is north muc 
of the time. In January the percentage of north winds is 
only slightly below that of winds from the south, while 
during February they are equal. Through spring and 
summer the wind is inerrant from the south and 
reaches & maximum in September. The percentage of 
westerly winds is slightly larger during the late fall, 
winter, and early spring than during the summer. Dur- 
ing the late spring, summer, and early fall easterly winds, 
especially northeast and southeast have their greatest 
percentage. 

Although the prevailing direction of the surface wind 
is south the wind during rain periods is north from Sep- 
tember through January to March, equally divided be- 
tween north and south in April and May, northeast dur- 
ing June and July, and equally divided between north 
and southeast in August. During April and May rains 
the wind almost always shifts from south to north and 
during June and July rains from south to northeast. 
This is the period of the greatest frequency of thunder- 
storm development, which accounts for the shift of the 
wind to the northerly directions. Through the winter 
months this change of direction during rain periods takes 
place along the wind-shift line of the numerous low-pres- 
sure areas that move over this section of the State. 


Thunderstorm development in the winter months is 
slight; however, an occasional storm is reported in con- 
nection with a violent wind shift. From December to 
February the percentage of rains with thunderstorms is 
small. m February to May it reaches 68, and in 
June 80. It then decreases to 71 in September, 51 in 
October, and 24 in November. The prevailing direction 
of the upper air for this section is from southwest to 
northwest during the entire year. Consequently the 
majority of the thunderstorms occurring at this station 
move in from these directions. 

The prevailing south winds of this area come largely 
from the subtropical high-pressure area to the south and 
from anticyclonic systems when they are centered over 
the southeastern portion of the United States. When 
these winds blow over the Gulf of Mexico they bring in 
warm damp air to this section both at the surface and 
aloft. When this warm damp air associated with the 
eastern half of a disturbance is underrun by cool air 
from the northwest and north, showers and thunder- 
storms occur. When, instead of southerly winds from 
the Gulf, the air comes as southwest winds from the semi- 
arid desert country, low clouds and fog are dissipated and 
there is not sufficient moisture present to uce more 
than widely-scattered precipitation, even when there are 
unde currents of cold air from the northwest. 
However, when the winds are from the northeast and 
east, giving cold air near the surface, and they are over- 
run by south or south-southwest warm, moist air from 
the Gulf, general precipitation takes place. 
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Percentage of totai Percentage of total 
rains by months thunderstorms by months 
1920 to 1931 inclusive 1920 to 193! inclusive 
in central Oklahoma in central Oklahoma 
15 
% 
10 40 
NORTH SOUTH 
5 ’ 30 
° 20 
JFMAMJJASOND JFMAMIJASOND 
FIGurReE 1. 
10 
SOUTH 
50 NORTHEAST 
30 
40 SOUTHWEST 
NORTH 20 
30 
10 
20 
0 
10 EAST 
20 
WEST 
NORTHEAST SOUTHWEST 10 
10 
° SOUTHEAST 
EAST WEST 30 
10 
NORTHWEST 
SOUTHEAST 10 
NORTHWEST 


JFMAMJJASOND SFMAMJJASOND 

ss The prevailing direction of the wind durin 

rain, 1920 to 193! inclusive in central Okla. 
FIGURE 3. 


JFMAMJJASOND JFMAMJJASOND 
Percentage of time the wind blew from the 
different directions, 1920 to 1931 inclusive in 
central Oklahoma 


FIGURE 2, 


SEPTEMBER 1933 MONTHLY WEATHER REVIEW 271 


JAN. SEPT. 
24 632 24 632 24 632 cutat 6321 24 63211 24 63211 
% [12 Pp. % [12 PD. Jo] | % [12 D 12 Pb 
40 7 aN 40 60 
20 20 y 40 
10 LAXLNE + 10 : 30 = 
sw A. 4 \ 
° ° 20 = 
20 10 NINE 10 
‘ 
10 ° 20 
10 10 ¢ 
10 NV 20 pi 
NW 
FEB. — 
° 20 
10 20 
° 10 40 
20 ° aoe 30 N 
10 oS 20 4 20 
4 sw NE | ~ 
10 SW. 10 
20 ° 20 
10 20 10 A 2 
E 
30 ° 10 
SE SE md 
20 20 
10 10 30 
Nw | 14 SE 
MAR JULY ™ 
60 60 10 
50 50 Nils ° 
NOV. 
40 40 60 
30 30 50 o 
20 N 20 40 
10 10 30 
° 20 7 
NE NE 
20 10 ENS Ww 10 
° ~ 10 cI 10 
SE A E 
20 * ° ° 
10 NV 20 ° 30 
10 a 20 SE J 
APR. LT TT 
50 ° 10 NW 7/7 
Ls AUG. 4 
60 ° 
30 N DEC. 
N 60 
20 NI 40 50 
10 30 f 
/ N 
° 20 = 30 
20 10 NI 20 |AN 
10 o FG 10 
Y™ NE NE | 
10 10 E 
SE 
30 
20 20 20 
10 NW 10 10 
241632 32 2 32 
12 PD. 321 ‘oD. 2456 52 11 PD. 3 32 32 
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UNUSUAL HAZE CONDITIONS OVER THE UNITED STATES AND THE CARIBBEAN SEA 
IN 1933 


By James W. Smit 
[Weather Bureau, Miami, Fla., Sept. 26, 1933] 


An article entitled ‘‘Haze Conditions at New Orleans, 
May 5-9, 1933,” by G. L. Canaday, appeared in the April 
1933 issue of the WeatHer Review. r. 
Canaday attributed the haze to dust, carried far eastward 
from the elevated arid regions of the Southwest by strong 
westerly winds. 

His description of the haze conditions fitted so perfectly 
the haze conditions existing at Miami, Fla., from May 4 
to 13, that my interest was aroused; especially so when it 
was noted that haze began earlier at Miami than at New 
Orleans. 

The haze appeared to be confined largely to the upper 
atmosphere, but at times enough dust particles reached 
the lower air strata to reduce surface visibility to 5 or 6 
miles along the east coast of Florida, where visibility is 
normally 12 to 15 miles, or more. At the times of great- 
est density the haze appeared as a uniform structureless 
white blanket across the sky. At night only the moon 
and planets and a few of the brightest stars were faintly 
visible. By day the sun was dimmed to such an extent 
that several people called the local Weather Bureau office 
and asked why the sun (mistaken for the moon) appeared 
so large. Others, believing a hazy sky portends a hurri- 
cane, asked if any storm was expected. The effects of the 
haze are well shown in the following table: 


Miami, Fia. 
(Sun-intensity units (gram cal. per sq. cm.)]} 


age, pos- 
1930| 1981 | 1932/ 1933] 88 |sibleor age | “iP! 


445 | 330 | 387 | 337 | 375 475 19 0 
452 | 389 | 427 | 368 | 409 475 18 0 
446 | 353 | 352 | 378 | 382 475 2 0 
400 | 365 | 439 | 393 | 399 475 1 0 
464 | 205 | 467 | 365 |) 375 475 2 0 
462 | 470 | 356 | 367] 414 475 0 0 
453 | 472 | 382 | 333 | 410 475 19 0 
329 | 468 | 386 | 291 | 368 475 110 = 
439 | 395 | 373 | 340 475 6 0 
472 | 464 | 266 | 387 | 397 475 4 0 
446 | 476 | 399 | 350; 418 475 18 0 


y 
Percent of possible intensity units._.| 85 | 86] 75 74 
—- of possible hours of sun- 


! Mostly high thin clouds—or a few cirroform clouds mixed with haze. 


Note.—Sun-intensity data furnished by Dr. O. J. Sieplein, director of the Miami Sun 
Ray Research of the Joseph H. Adams Foundation. 


At that time, the haze, occasionally augmented by 
light smoke from muck fires in the nearby Everglades, 
was attributed by the local office to forest fires, which 
newspapers a week — had reported in South Caro- 
lina and northern Georgia. (On one or more occasions 
in the past smoke and hazy conditions over Florida have 
been caused by forest fires in the Carolinas.) 

Dust from the western deserts hardly could be carried 
as far as Miami, and in any event such haze would appear 
at New Orleans earlier than at Miami. On the other 
hand, the smoke from forest fires in South Carolina could 
not travel westward against the prevailing winds to New 
Orleans. 

Airways reports from Miami to Richmond, Va., indi- 
cated the haze conditions to be general over the entire 
area, beginning as early as May 1 at Richmond, and con- 
tinuing to May 15, or later, at various coast stations. 
While dates of beginning and ending could not be as- 
certained, Pan American Airways observers reported 
haze at Habana, Cuba, on May 7 and 8, at San Julian, 
Cuba, on May 12, 13, and 14, and at Nuevitas, Cuba, on 
May 19, 22, and 24. 

A Pan American pilot flying between Barranquilla, 
Colombia, and Kingston, Jamaica, over the Caribbean 
on July 14, 1933, reported very thick volcanic [?] dust 
which coated both plane and clothing, and, when we 
consider that the haze drifted at a considerably slower 
rate over Cuba than over the United States, it seems 
possible that the dust encountered between Barranquilla 
and Kingston was part of that which had caused haze 
over the ‘United States in May. 

A mechanic of the Eastern Air Transport line at 
Miami says that during this period of haze the planes 
arriving at Miami were covered with fine white dust. 
Pilot hibald Comer of the Eastern Air Transport 
lines, flying from Miami to Atlanta, says the haze usually 
was much fainter above 2,000 feet elevation, the greatest 
density commonly occurring at about 1,000 feet altitude. 

The period of haze was characterized by deficient rain- 
fall over the Southern and Eastern States, generally. 
Whether the dust influenced the rain in any way is un- 
known. The only precipitation to occur at Miami, 
during this period was a trace on the 11th, a day when 
no haze was recorded, probably owing to the cloudy 
condition of the sky. The normal rainfall for this period 
at Miami is 1.56 inches. 
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LOW BAROMETER READINGS IN WEST INDIAN DISTURBANCES OF 1932 
AND 1933 


By W. F. McDonatp 
[Weather Bureau, Washington, October 1933] 


The summer of 1933 was, even at the end of September, 
characterized by a record-breaking number of West 
Indian disturbances, and these storms produced five 
ships’ barometer observations between 27.40 and 27.99 
inches. Five other pressure readings on ships at sea were 
reported in the range from 28 to 28.50 inches, making 10 
cases this year (up to September 30), in which ships have 
experienced and verified in mail reports to the Weather 
Bureau, such uncommonly low barometric minima in 
their encounters with West Indian hurricanes. 

Pressures of 28.50 or lower in tropical disturbances 
characterize storms of severe hurricane intensity. The 
following table records all such observations so far in 
hand for the 3 months, July to September, inclusive, 1933. 


Table of ships’ barometer observations, 28.50 inches or lower, in West 
ndian hurricanes of July, August, and September 1983 


Position 
Lowest 
Date Name of vessel barom- 
Latitude eter 
.  |tude 
Am. 8.8. Lena 25 32] 90 40 28. 50 
Aug. 18, 1933 Nor. 8.8. Tana. 123 00/|154 30/ 227.98 
Aug. 30, 1933......... Br. 8.8. Jamaica Pioneer...........- 22 10 30 27.47 
t. 2, 1933... Am. 8.8. Harvester. 125 00/186 00 27.99 
Sept. 11, 1933. _...... Fr. 8.8. Wash 23 15! 61 40 27.96 
Sept. 15, 1933. ......- Am. 8.8. E] 134 00/174 30 28. 24 
Sept. 16, 1933_....... Am. 8.8. Shenandoah 36 35] 75 00 28. 43 
Am. 8.8. Gulf of 36 74 41 28. 48 
Sept. 17, 1933_....... Ger. 8.8. Bremen 39 54] 69 16 28. 50 
Sept. 20, 1933. ......- Am. 8.8. Vi 118 30/183 05 27.40 
1 Positions closely estimated. 


1 Uncorrected aneroid reading, but evidence indicates instrument in good order. 
3 Observations of Sept. 11-17, all obtained in same storm. 


The 5 readings below 28 inches were obtained in 4 
separate storms. Furthermore, the lowest reading in each 
of these storms was observed within 1 or 2 days after 
the time at. which the disturbance became definitely 
located in our reports, and no lower readings thereafter 
have as yet come to light, although in all cases these 
storms appear to have increased in extent and destruc- 
tive power as they passed onward to later stages of de- 
velopment. 


This group of records therefore supports the view that 
tropical disturbances often, or perhaps commonly, arise 
as intense vortices of small diameter, which expand in 
area and decrease in intensity as they progress. 

As bearing upon this question, it may be pointed out 
that the lowest of the readings, 27.40 inches (reported 
from the American liner Virginia), was observed under 
the following circumstances that clearly indicate a re- 
cently developed vortex of extraordinary sharpness. Me- 
teorological conditions were somewhat disturbed in the 
Caribbean Sea for almost a week prior to September 20, 
when the Virginia encountered the storm described be- 
low, but no ship reported stormy weather until the 19th, 
when definite signs of development were observable in 

e region south and west of Jamaica. The following 
afternoon revealed the focus of activity as a small but 
intense hurricane near Swan Island. 

The report of J. E. Handran and J. F. Wilson, observers 
on the Virginia (Capt. C. V. Richardson), is worthy of 
quotation at length and extracts are given below. The 
aneroid barometer used on the ship is subject to a cor- 


rection of —0.05 inch, which was applied to the readings 
before quotation in this report, which says: 


At 5 p.m. (Sept. 20) it was blowing a moderate (NNE.) gale. 
At 6 p.m. the wind had further backed into the NE., force 8, with 
the barometer reading 29.95 inches. A speed of 17.5 knots was at 
this time cut down to 14 knots due to the heavy head swell which 
was being encountered. 

At 6:55 p.m. the wind and sea had increased to such an extent 
that a further reduction in pees was necessary, to about 8 knots. 
Position 18°38’ N., 83°07’ W. 

Shortly before 8 p.m. a squall of great violence struck the ship 
and at 8 the ship was hove to, heading 180°, bringing the wind on 
the port quarter. Revolutions were adjusted to keep bare steer- 
ageway. The aneroid barometer at this time, approximately 8 
p.m., was reading 28.74 inches. Five minutes later it was down to 
28.50 inches. The wind was now blowing in almost continuous 
squalls of great violence, with torrential rain. The noise from the 
wind was terrific, it being impossible to hear. 

At 8:20 p.m. the wind suddenly ceased and looking directly 
overhead a few stars were visible over a small area. en’s ear 
drums were ringing, with the barometer standing at 27.40 inches 
during the calm center or “‘eye’’ of the hurricane. While in the 
calm area in a high confused sea the vessel was headed 55° true 
in anticipation of a change of wind. At 8:35 p.m. the wind struck 
in from the SSW. with slightly less force than before. 

The wind continued to blow in squalls of hurricane violence 
from the SSW., with a rapidly rising barometer, when at 9 p.m. 
the glass stood at 28.60. tween 9 and 10 p.m. the wind moder- 
ated sufficiently to allow of bringing the vessel back to the course 
(150°) with the wind about 4 points on the starboard bow. 
Barometer reading 29.20. From 10 p.m. the speed was increased 
to full at 11 p.m., at which time the barometer stood at 29.40; 
wind S8., force 9. At midnight the wind had further decreased to 
force 8; barometer, 29.66. 


Careful examination of the information given in this 
— shows that the diameter of the ring of pressure 
below 29.50 inches could not have been much more than 
50 miles when the ship crossed the storm area. The inner 
area of extreme violence, encompassing pressures below 
28.50 inches, passed while the vessel was hove to. That 
part of the vortex, therefore, may be estimated as not 
over 10 to 12 miles in diameter, because 1 hour’s pro- 
om carried that section of the hurricane past the 

ifting ship, and the evidence at hand indicates that the 
storm movement between the evening of the 20th and 
the morning of the 21st was not rapid. 

Increase in the hurricane area during the few hours 
covered by these observations is indicated by the slower 
rate of rise than of fall in the barometer. This hardly 
could be attributed to a variation in the ship’s movements 
relative to the storm for the route of the ship was about 
90° to the storm track and the variations in sailing speed 
were similar in entering and leaving the hurricane. The 
later synoptic charts also carry the story of increase in 
size as this storm moved along its track westward to 
Tampico, where the hurricane struck with great violence 
on September 24 when the diameter of the 29.50 isobar 
was about 300 miles. 

The fact that the center of this very small vortex had 
a clear spot “directly overhead’’, also indicates that at 
that time the disturbance was moving rather slowly, for 
there is much reason to think that with rapid movement 
the core of a tropical disturbance commonly is inclined 
in the direction of advance, with no clear sky visible in 
the region of lowest pressure. This point is not yet 
fully established ; it is worthy{of specialfnoticeJand ships’ 
observers are requested to¥supply more information on 
the character of the sky at the center of such disturbances 
when encountered. 
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The pressure (27.47 inches) observed on the British 
steamer Jamaica Pioneer, August 30, near Turks Island, 
ranks next lowest among the cases here reviewed. 
Examination of the detailed report in this instance also 
shows a very sharp vortex. The ship was only 7 hours 
within the circle of pressures below 29.50 inches, and 
about an hour and 10 minutes while it was below 28.50 
inches. The storm could not have been more than 2 
days old at the time the Jamaica Pioneer crossed the 
center. This hurricane was moving quite rapidly at the 
time, and no clear eye was reported. Three days later 
the American steamer Harvester recorded 27.99 inches in 
this storm. 

Readings below 28 inches in the other two storms, as 
reported by the Norwegian steamship Tana (Aug. 18), 
and the French ship Washington (Sept. 11), were also 
obtained at times when we must assume the cyclones 
to have been at a comparatively early stage of develop- 
ment. In neither of these storms can any center be 
definitely located or actual storm winds found in our 
reports more than 1 or 2 days prior to the date of the 
ship’s encounter with the vortex. 

he table carries five records taken at different times 
in the same storm, between September 11 and17. Itisof 
interest to note that these readings together constitute a 
consistent progression of dates, positions, and pressure 
values; this must be because the central pressure slowly 
increased as the storm progressed along its track. 

In this connection, and bearing upon the question of 
the pressure distribution in tropical disturbances, refer- 
ence is made to a report (not previously published in the 
Review) obtained from the British steamer Phemius, 
which was involved for 4 days in intense hurricane con- 
ditions in the western Caribbean Sea in early November 
1932. The meteorological log of this ship’s experience, 
as given in detail in the British Marine Osserver for 
October 1933 (vol. 8, pp. 123-125), indicates a hurricane 
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of full maturity and of what appears to be unusual com- 
plexity of structure. : 

The lowest pressure observed on the Phemius, 27.01 
inches (914.6 mb.), was reached on the 5th near 14° N. 
79° W., and within a few hours after the vessel entered 
the hurricane area. This is one of the lowest barometer 
readings ever observed at sea level, and the lowest fully 
authenticated reading in the West Indian region so far as 
can be ascertained at this writing. 

The fall in barometer as this vortex approached was 
very rapid, and was attended by hurricane winds so 
intense that superstructures on shipboard were badly 
damaged, and the ship’s funnel actually torn out and 
blown overboard. The vessel was from that time disabled, 
and wallowed in the seas throughout the remainder 
of the storm. ; 

The barometer did not rise with equal promptitude, 
however, and the height that prevailed a few hours before 
the vessel’s encounter with this terrific vortex was not 
again reached for 4 days. Instead, there was a partial 
rise, followed by several marked decreases, to 28 
inches on the third day and 27.92 on the fourth, as if there 
might have been either a family of subvortices or vacilla- 
tion in the movement of the primary storm center. Dur- 
ing those 4 days the ship was involved in continuous 
storm conditions of great severity, with the barometer 
for 3 days never rising above 28.50 inches. 

This hurricane was the same that on November 9, 1932, 
advanced northward across Cuba and devastated the city 
of Santa Cruz del Sur, with the loss of several thousand 
lives. Its meteorological history in the western Carib- 
bean has not been fully worked out, but the record of the 
Phemius very clearly shows an extent and complexity 
of structure that throws this case into great contrast 
with the simpler vortices reported in the ship’s observa- 
tions of 1933. 


TROPICAL DISTURBANCES OF SEPTEMBER 1933 


By C. L. 
(Weather Bureau, Washington, October 1933] 


Tropical disturbance of August 31-—September 7 —This 
disturbance was central about 150 miles north of Puerto 
Rico the morning of the Ist. It evidently was attended 
by winds of hurricane force nearer its center at this time, 
inasmuch as the S.S. Gulf Wing reported a barometer 
reading of 28.98 inches and a wind velocity of 80 miles 
per hour about 150 miles east of Turks Island the evening 
of the Ist. The center passed some distance north of 
Turks Island during the night of the 1st-2d and over 
Harbour Island, about 2 miles northwest of the island of 
Eleuthera, Bahamas, the morning of the 3d. There was 
a calm of 30 minutes at this place. Previously the wind 
had reached an estimated velocity of 140 miles per hour. 
At 4 p.m. of the 3d, northwest storm warnings were ordered 
displayed at Miami, hurricane warnings north of Miami 
to Melbourne, Fla., and northeast storm warnings north 
of Melbourne to Jacksonville. At 10 p.m. storm warn- 
ings were displayed on the west Florida coast north of 
Key West to Cedar Keys. 

he storm center apparently passed directly over 
Jupiter Inlet, Fla., where there was a lull of 40 minutes 
beginning near midnight of the 3d. The lowest barom- 
eter reading at Jupiter was 27.98 inches and the esti- 
mated maximum wind velocity 125 miles per hour. At 
West Palm Beach the lowest barometer reading was 28.77 
inches with a maximum wind velocity close to 80 miles 
per hour. According to the official in charge at Miami, 


the only evidence of damage at West Palm Beach was the 
effects of high winds upon trees and shrubbery. However, 
a number of plate glass windows were broken and the 
damage in this respect would have been much greater 
except for the extensive protective measures taken. 
Between West Palm Beach and Jupiter, and extending 
northward to Fort Pierce, there was serious damage to 
electrical transmission lines and to telephone and tele- 
graph wires, with many poles broken off or blown over. 
At Stuart there was serious damage from both wind and 
water. The most extensive damage in the entire storm 
area was at Olympia Beach, north of Jupiter Inlet, where 


there was widespread destruction of trees and shrubbery. 


and serious damage to houses. The greatest loss was to 
the citrus crop in the Indian River section from Jupiter 
to Fort Pierce. In the vicinity of Stuart there are several 
groves that sustained a 100 percent loss of fruit and the 
uprooting of many trees. The estimated loss of citrus 
fruit for the State is 16 percent, or 4,000,000 boxes. 

This storm recurved to the north during the afternoon 
of the 4th when its center was near the coast north of 
Tampa. Moving very slowly northward with diminishing 
intensity during the next 2 days it dissipated over Georgia 
on the 7th. 

Tropical disturbance of September 10-21.—Although 
conditions were disturbed over and east of the Leeward 
Islands from the 7th to the 9th, it was not until the 10th 


8 
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that a definite center could be located. This center was 
then about 300 miles northeast of the Island of St. Martin. 
By the morning of the 11th it was evident that the dis- 
turbance was one of considerable intensity, and it was so 
stated in the advisory issued at 10 a.m. of that date. 
This disturbance continued to move northwestward with 
gradually increasing intensity until the 15th, when it 
recurved and moved almost directly northward. Its 
center passed slightly west of Cape Hatteras about 8 a.m. 
of the 16th, after which it moved north-northeastward for 
about 12 hours, and then northeastward, reaching Nova 
Scotia the morning of the 18th, and extreme southern 
Iceland on the 21st. 

Storm warnings were ordered at 4 p.m. of the 14th from 
Jacksonville, Fla., to Beaufort, N. At that time the 
disturbance had not begun to recurve and it was appar- 
ently headed for the northern South Carolina, or southern 
North Carolina, coast. At 10 p.m., storm warnings were 
extended northward along the coast to the Virginia 
Capes. The following morning the storm center was 
about 350 miles east of Savannah, Ga.,. and the indica- 
tions were that it would reach the North Carolina coast 
not far from Cape Lookout in about 12 hours. Accord- 
ingly, hurricane warnings were ordered displayed at 
10:30 a.m., from Wilmington to Cape Hatteras, and 
northeast storm warnings north of the Virginia Capes to 
Boston. 

At 4 p.m. whole-gale warnings were displayed north of 
Hatteras to the Virginia Capes. At 8 p.m., the center 
was about 100 miles south of Cape Hatteras, moving 
almost directly northward, and the hurricane warnings 
at Wilmington were changed to northwest storm warnings 
at 9:30 p.m. At 10:30 a.m. of the 16th whole-gale warn- 
ings were ordered along the coast (but not at Baltimore 
and Philadelphia) north of the Virginia Capes to Atlantic 
City, and hurricane warnings were changed to storm 
warnings north of Wilmington to Hatteras. The 2 p.m. 
special reports indicated that the storm was beginning to 
recurve toward the northeast and that the center would 
pass some distance east of Cape Henry and the whole-gale 
warnings north of Hatteras to the Virginia Capes were 
changed to northwest storm warnings at 4 p.m. At 8 
p.m. the storm was central about 125 miles south of 
Atlantic City, apparently moving northeastward. At 
9:30 p.m., northeast storm warnings were extended north 
of Boston to Eastport, Maine, and whole-gale warnings 
on the coast north of the Virginia Capes to Atlantic City 
were changed to northwest storm warnings. The follow- 
ing morning when the storm center was about 150 miles 
east of Atlantic City, whole-gale warnings were ordered 
displayed from Provincetown to Nantucket, Mass. 

The principal damage done by this storm was from a 
short distance south of New Bern, N.C., to the Virginia 
Capes. The following is quoted from a report by the 
official in charge, Wilmington, N.C., relative to a trip of 
inspection of the storm area: 


* * * Very little damage was noted until a point a few miles 
southwest of New Bern was reached. Great damage was done by 
wind and high water in New Bern and vicinity; many telephone- 
and power-line poles blown down, numerous large trees uprooted 
or broken off, and houses and other buildings injured by falling 
trees and in some cases unroofed. At least one tree 4 feet in diame- 
ter in the heart of the city was uprooted. Water reached a height 
of 3 to 4 feet in some of the streets which is about 2 feet higher than 
the previous record which occurred in September 1913. Along 
the highway from New Bern toward Beaufort at least 100 trees 10 
inches or more in diameter were blown down. In Morehead City 
and Beaufort damage was apparently slightly less than in New 
Bern, but old residents in Beaufort declare the storm was the worst 
they had ever experienced. It is estimated that the maximum 
velocity of the wind in the New Bern-Beaufort area was at least 
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125 miles per hour. Loss of life was due chiefly to high water in 
isolated localities north of Beaufort from which escape was difficult 
or impossible. According to the latest reports a total of 21 lives 
were lost. Property damage along the entire North Carolina coast 
will total, according to early estimates, more than $1,000,000. 

At Cape Hatteras the lowest barometer reading was 

approximately 28.25 inches about 7 a.m. of the 16th. The 
highest wind velocity preceding the arrival of the center 
was 68 miles per hour from the east and the highest after 
the center passed, 76 miles per hour from the northwest 
ep because 1 cup of the anemometer was blown 
away). 
The damage done by the storm at Norfolk and the 
other places in the Virginia Capes section was compara- 
tively slight and was far less than that caused by the 
August 1933 storm. Much credit is given by the business 
interests and newspapers of Norfolk to the Weather 
Bureau for its timely and accurate warnings. There was 
ample time for complete preparation for the storm, thus 
holding losses to a minimum. The highest wind velocity 
in the Capes section was 68 miles per hour from the north- 
east at Cape Henry. Farther north along the Atlantic 
coast the highest velocities were 48 miles per hour at 
Atlantic City and 52 miles per hour at Block Island, 
R.1., and Nantucket, Mass. No great amount of dam- 
age was reported north of the Virginia Capes. 

Tropical disturbance of September 10-15.—Weather 


. conditions over the extreme western Caribbean Sea be- 


came disturbed on the 9th and a center was located be- 
tween Tela and Belize the evening of the 10th. During 
the next 2 days the disturbance moved very slowly north 
by east toward Cozumel Island, with gradually increas- 
ing intensity; however, after the evening reports of the 
12th were received, the direction of movement changed 
abruptly and the center moved inland over the Yucatan 
Peninsula north of Payo Obispo. The disturbance then 
moved west-northwestward across the Peninsula and the 
southwestern Gulf of Mexico during the next 48 hours, 
and there was a marked increase in intensity while the 
disturbance was passing over the Gulf. The center 
passed directly over Tampico, Mexico, the morning of the 
15th. There was a period of calm between 8 a.m. and 
10 a.m., and the lowest barometer reading reported was 
28.34 inches. Much damage was done in Tampico and 
vicinity but details are not available. 

Northeast storm warnings were ordered geeeyed at 
Brownsville, Tex., the evening of the 14th, at which time 
the indications were that the storm center would reach 
the coast nearly 100 miles north of Tampico and cause 
strong northeast winds, possibly reaching gale force at 
Brownsville. Upon receipt of the morning Tampico 
report of the 15th in the early afternoon, the warnings at 
Brownsville were lowered. 

Tropical disturbance of September 16-24.—All island 
stations from St. Kitts to Wikiectows, Barbados, showed 
a 24-hour decrease in pressure of 0.06 to 0.10 inch the 
morning of the 14th, indicating the approach of a dis- 
turbed condition from the east, but no definite center 
could be found passing between any of the islands of the 
Windward and Leewards groups. On the 18th the ba- 
rometer began to fall aly at Kingston, Jamaica, and a 
heavy sea was reported at that place the evening of the 
19th. At the same time three vessels about midway 
between Jamaica and the Isthmus of Panama reported 

entle southwest winds and pressure a few hundredths 
Colas normal. However, it was not until the evening of 
the 20th that a center could be located, by which time the 
disturbance, though of very small diameter, had attained 
great intensity. The S.S. President Pierce in about 
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latitude 18°50’ N., longitude 83°20’ W., reported a ba- 
rometer reading of 28.79 inches and a wind velocity of 80 
miles per hour from the southwest. A later report re- 
ceived by mail from the S.S. Virginia which, at the same 
time, was close to the position of the President Pierce 

ives the following barometer readings: 6 p.m., 29.65 
inches; 7 p.m., 29.49 inches; 8 p.m., 28.78 inches; 8:20 to 
8:30 p.m. (in calm center, stars visible), 27.44 inches; 
9 p.m., 28.64 inches; 10 p.m., 29.24 inches; 11 p.m., 
29.40 inches; midnight, 29.70 inches. 

This disturbance moved west by north passing inland 
over the Yucatan Peninsula with center about 40 miles 
south of Cozumel Island near midnight of the 21st and 
into the southwestern Gulf of Mexico north of Campeche 
the evening of the 22d. The center passed inland a 
short distance south of Tampico, Mexico, the evening of 
the 24th, attended by winds of hurricane force. The 
evening report of the 24th received from the S. S. J. N. 
Danziger was remarkable because of the fact that the 
vessel was at the time in the center of the storm and re- 

rted a wind velocity of — 2 miles per hour and a 
lenseneter reading of 28.40 inches. As in the case of the 
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storm of the 15th, great damage was done at and near 
Tampico, but details are not available. 

Tropical disturbance of September 27—October 4.—A 
minor disturbance apparently moved westward between 
the islands of St. Kitts and St. Martin on the 27th. It 
was of such small diameter and slight intensity that the 
center could not be located definitely every 12 hours. 
However, available data indicate that it moved west- 
ward, until the 29th, when it turned to the north and north- 
east, passing some distance west of Port au Prince, Haiti, 
the evening of the 29th and centered north of Puerto 
Plata, Santo Domingo, the morning of October 1. Still 
of minor intensity, the disturbance then moved north- 
westward and later north-northwestward until the 4th, 
after which it could not be located. 

Tropical disturbance of September 28-30.—This was a 
very minor disturbance that apparently developed north- 
west of the Isthmus of Panama and moved northwest- 
ward. Its center passed near Cape Gracias the evening 
of the 28th, then traveled west-northwestward and passed 
a. ae of Belize, British Honduras, the morning of 
the 30th. 
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em. 


Calandrelli, [Abbate] Giuseppe 
Meterological correspondence with Johann Jakob Hemmer, 
8.J., from 1780 to 1787, consisting of 11 autograph 
letters from the latter, with 11 autograph copies of Calan- 
drelli’s answers, with other manuscripts and printed 
matter . . . 1780-87. 28% cm. (letter sizes vary). 


Calandrelli, [Abbate] Giuseppe 


Miscellaneous correspondence. 
sizes vary). 


Castellani, Sir Aldo 
Climate and acclimatization: Some notes and observations. 
London, J. Bale, Sons & Danielsson. 1931. viii, 152 p. 
(1 double), diagr. 18% cm. ‘“References’’: p. 


Crowe, P. R. 

The analysis of rainfall probability. A graphical method 
and its application to European data. p. 73-91. pl., 
figs. 25cm. (Reprinted from the Scottish geographical 
magazine, v. 39, March 1933.) 


Osserv. Ximeniano dei P. P. Scolopi 


Pte. 2. Tensione— 
32 cm. (Pubb. 


1778-83. 28% cm. (letter 


Florence (Italy). 


Venticinque anni di valori pentadici. 
umidita—pioggia. 1933. 73 p. pil. 


Osserv. Ximeniano. no. 145.) 


- Gedda, Mr. le Baron de 
Mémoire sur une nouvelle methode de construire des hygro- 
métres correspondans a points fixes de sécheresse et 
d’humidité. Ouvrage, qui a remporté le prix proposé 
ar la Société roiale des sciences de Copenhague en 


DCCLXXXIII (1783). Copenhague. 1784. 21 p. 
engr. (fold.) 23% em. 
Little, W. B. 
Science and the weather. London. 1933. 155 p._ illus. 


19 cm. 


Mazzarén, Antongiulio 
Nozioni elementari di meteorologia ad uso degli aviatori. 
Milano. Editore Aeronautica. [pref. 1929.] 53 p. illus. 
(incl. charts). 25 em. “ Bibliografia’”: p. [54.] 
Metcorologia parallela 
Das ist: Courieuse Nachrichten von dem Wetter und den 
mit silbigem gantz verwunderlich correspondirenden 
sogenannten Wetter-Glisern, vom Anfang desz Herhsts 
A. 1710 bis auf den Frihling dieses jetzt lauffenden 1711 
Jahrs. Ausz den in Ulm gehabten alltaglichen observa- 
tionibus zusammen und dem Druck iberlassen. 
1. Auszfertigung. Franckfurt und Leipzig. [1711.] 32 
p. illus., tables. 16% cm. 


Morikofer, W. 
Die Abhangigkeit der Sonnenstrahlungsintensitaét von der 
Meereshéhe und ihre Konsequensen fiir die Organisation 
der Lichtklimatischen Forschung. 5 p. 23% ecm. (II* 
Congrés international de la lumiére.) 
Ortiz, Oscar Rivery 
Breve estudio del huracan del Iro. al 11 de Noviembre de 


1932. Habana. 1933. 49 p. charts (1 fold.) 27% 
em. (Boletin hidrogrdéfico. Suplemento no. 1.) 
Pfaff, C. H. 


Ueber die friihern strengen Winter und iiber die strengen 
Winter des achtzehnten Jahrhunderts bis zum Winter 
von 1776. Die Geschichte der strengen Winter. Erste 
Abtheilung. Kiel. 1809. xvi, 176 p. 20cm. 

Richter, Georg Friedrich 

De natalibvs fvlminvm tractatvs. physicvs accedit appendix. 

Ne litterae et. observationes qvaedam hve. pertinentes. 


affei. Lionii Pagliarini. aliorvmqve continentvr. 
Lipsiae. 1725. 112p. 16% cm. 


Robinson, Gilbert Wooding 
Soils: Their origin, constitution, and classification: An in- 
troduction to pedology, London, T. Murby & Co.; New 
York, D. Van Nostrand Co. 1932. xv, 390 p. front. 
illus. (maps) diagrs. 22 cm. Bibliography at end of 
each chapter. 
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Tandler, T. 


De meteoris libris aliisque solertioribus philosophis con- 
utationibus exposita a Tobia Tandlero. 


Venturelli, Lucia 


Contatti di masse d’aria calda e d’aria fredda nell’atmosfera 
in relazione alla situazione barica. Milano. 1933. 24 p. 
figs. 24¢em. (Excerpt: Bollettino del Comitato nazion- 
ale italiano per la geodesia e la geofisica. Seconda seria. 
Anno 3. N. 1-2, Luglio 1933-XI.) 
Walter, B. 


Uber den Unterschied in der Blitzgefahr fiir hart und fir 
weich gedeckte Gebaiude . . . Berlin. 1931. illus. 
30 cm. (Sonderabdruck aus der Elektrotechnischen Zts. 
52. Jahrg. 1931, Heft 3, Seite 72.) 


MONTHLY WEATHER REVIEW 277 


Williamson, Robert M. 


Tornado characteristics: The Nashville tornado of March 
14, 1933; A brief review of tornadoes in Tennessee. 
Nashville. 1933. p. 337-248. figs. 23% cm. (Extr.: 
Journal Tennessee academy of science. v. 8. no. 3. 
July, 1933.) 


Winkler, Johann Heinrich 


De avertendi fvlminis artificio ex doctrina electricitatis 
disserit atqve ad trigam orationvm memoriae Heinri- 
cianae Ridelianae et ~~ rtianae sacrarvm qvae in 
avditorio  ageeie . XV. Septembris A. R. 8. 
MDCCLII . .. Lipsiae. 1753. 20 p. front. (en- 
graving). 22% cm. 


SOLAR OBSERVATIONS 


SOLAR RADIATION MEASUREMENTS DURING 
SEPTEMBER 1933 


By Irvine F. Hanp, Assistant in Solar Radiation Investigations 


For a description of instruments employed and their 
exposures, the reader is referred to the January 1932 
REVIEW, page 26. 

Beginning with this issue, summaries of the total radia- 
tion (direct + diffuse) received on a horizontal surface at the 
Harvard Meteorological Observatory, Blue Hill, Mass. 
(latitude 42°13’ N., longitude 71°07’ W.; height above sea 
level, 195 meters), will be regularly included in table 2. 
Table 4, giving the values of the red and yellow compo- 
nents of the direct solar radiation at this same station, 
will be published regularly, beginning with this number. 

Table 1 shows that solar radiation intensities averaged 
above normal for September at all three Weather Bureau 
stations. 

Table 2 shows an excess in the total solar radiation 
received on a normal surface at all stations for which 
normals have been computed ee Washington, Lin- 
coln, Chicago, New York, and Pittsburgh. It seems sig- 
nificant that the larger cities show a deficiency in the total 
radiation received coincident with an increased activity 
in manufacturing, while the smaller cities show an excess 
in the radiation received. 

In table 3 the turbidity values show a clearing of the 
sky up to noon and a gradual increase in dustiness during 
the afternoon. On the 19th the sky gradually cleared up 


TaBLe 1.—Solar radiation intensities during September 1933—Con. 
{Gram-calories per minute per square centimeter of normal surface] 


MADISON, WIS. 


Sun’s zenith distance 


8 a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 


Date Air mass Local 
75th mean 

4 so) 
time AM P.M time 


5.0 | 4.0 | 3.0 | 2.0 |} 1.01] 20 30 |] 40 50) e. 


+09 +.3 +.10 


LINCOLN, NEBR. 


_ Polarization measurements made on 4 days at Wash- Sept. 16.79 | 0.82 0.62) 18.20 
ingtoi give a mean of 56 percent with a maximum of 64 15.11 "91 | 1.06 | 1.22] 1.42| 1.11] .93| .76| .65| 12.24 
on 9 days give a mean of 68 percent with a maximum Sept. | | 1.009 | 1.20 134 
of 77 percent on the 27th. hese values are slightly 9.47 | 133 78 101 1.0 74 
i Sept. 20........ 76) .91} 1.01} 1.1 ‘ 
above normal for September at both stations. Bent 21 
TABLE 1.—Solar radiation intensities during September 1933 6.02! 1.09 | 1.23 | 1.46 | 1.27] 1.13| 1.00] .91| 9.47 
[Gram-calories per minute per square centimeter of normal surface] 1.01 | 1.14 | 1.31 L@ 
+.06 |+.08 |-+. 09 |-+.09 |-+.06 |-+. 05 |-+. 03 |+. 02 |+.00 
\8.a.m,| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 78.7° | 78.7° Noon 
BLUE HILL, MASS. 
Date 75th Air mass Local 
on solar 1.08 | 1.11 | 1.30 | 1.10 11.0 
13.6 
e. 50 | 40 | 80 | 20] 1.01] 20] 40] 5.0] Sept. 

1. 34]. 17.37 Sept. 19........ 1.02 1. @ |...... 7.9 
0.97 a 19. 89 Sept. 22........ 1.05 9.1 
1, 1 1.24 11.81 Sept. 301. ...... 7.9 4 10.6 
9.14 RE, 1.06 | 1.19 | 1.44 | 1.18 (.87) 

1. 28] (1.10)| (1.24) 

+. 04) +. 


r 
(1613). 192p. 15% cm. 
t 
| 
} 
mm | cal | cal | cal | cal | cal | cal | cal | cal | cal | mm Eph 
Sept. 7.......--| 14.10} 0.38} 0.48) .64) .88) 17.96 
Gent. 18........1 1.0 LOR Le 
Sept. 20........| 1.08 627 a 
.90} 1.03) 1. 
—. 06} +. 00) +. 01) +. 
r 
1 : 
e 
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TABLE 2.— Average daily totals ine solar radiation es basis ffuse) received on a horizontal surface 
Gram calories per square centimeter 

ashing- New Pitts- Fair- Twin Gaines- New River- Blue 

re Madison |"Lincoln | Chicago York Fresno burgh banks Falls La Jolla ville Miami Orleans side Hill 
1933 cal. cal. cal. cal. cal. cal. cal. cal. cal. cal. cal. cal. cal cal. cal. 
SS See 427 445 519 392 310 584 275 232 557 423 336 464 431 542 324 
Sept. 10___- ' 176 193 247 168 267 579 190 218 468 247 365 556 406 489 328 
4 eA Se re 437 398 487 378 315 565 321 142 438 353 395 487 399 512 469 
SI cnatinnn tien 392 240 409 242 343 495 308 134 386 272 428 470 397 373 289 

Departures from weekly normals 
+40 —51 +29 —21 —39 | +55 | +74 —34 +49 
Accumulated departures on September 30 

+6,044 | —1,800| 43,885 | +12,307| +8,000|) +8,715 | —1,666 | +707 | 


TaBLe 3.—Solar radiation measurements, and determinations of 
atmospheric-turbidity factor, 8, Washington, D.C., September 1933 


{Values in italics have been interpolated] 


tory. 


POSITIONS AND AREAS OF SUN SPOTS 
{Communicated by Capt. J. F. Hellweg, Superintendent United States Naval Observa- 


Data furnished by Naval Observatory, in cooperation with Harvard, Perkins, 


and Mount Wilson observatories. The differences of longitude are measured from 
central meridian, positive west. 
for foreshortening and are expressed in millionths of sun’s visible hemisphere. The 
total area, including spots and groups, is given for each day in the last column] 


The north latitudes are plus. 


Areas 


are corrected 


| Atmos-| 
Solar | dust |Notes: Sky- 
Date and solar- alti- tas I I I B — arti- | light polari- 
hour angle tude, | of sky/ Per | zation, P., 
cubic | clouds, etc. 
| centi- 
| meter 
| gr. cal.| gr. cal.| gr. cal. | 
_ =e | 56 19! 1.20 | 1.283 | 0.870 | 0.690 | 0.110 | 
56 30 | 1.20 | 1.243 | 0.875 | 0.695 | 0.140 292 
Sept. 18 
ee 18 19 | 3.16 | 0.919 | 0.691 | 0.569 | 0.075 
ee 19 51 | 2.93 | 1.011 | 0.696 | 0.572 | 0.055 
es 23 35 | 2.49 | 1.097 | 0.7 0. 590 | .0. 040 
4:12a__........-| 24 26 | 2.40 | 1.112 | 0.757 | 0.593 | 0.035 | 
32 37 | 1.86 | 1.198 | 0. 856 | 0.653 | 0.025 6°: 605 P=64.0°% 
_ a 40 40 | 1.53 | 1.348 | 0.884 | 0.761 | 0.085 | 
2:38a.......--.| 41 12] 1.52] 1.348 | 0.885 | 0. 767 | 0.082 } 
55 40 | 1.20 | 1.380 | 0.897 | 0.758 | 0.080 
eas 55 54 | 1.20 | 1.361 | 0.900 | 0.761 | 0.090 
Sept. 19 | | 
ee 14 30 | 3.94 0.848 | 0.680 | 0.532 | 0. 065 
Se 15 38 | 3.68 | 0.894 | 0.683 | 0.535 | 0.055 
a 19 40 | 2.95 | 1.018 | 0.744 | 0.590 | 0.040 
62s. ...-....- 20 30 | 2.84 | 1.045 | 0.747 | 0.593 | 0.038 ; | 
, ere 22 58 | 2.55 | 1.110 | 0.77 0. 614 | 0.030 | 
23 44 2.48 | 1.125 | 0.77 | 0.619 | 0.032 6; 485; P=59.8% 
S704. L® | 1.299 | 0.911 | 0.611 | 0.020 | 
42 1.48 1. 259 | 0.912 | 0.614 | 0.020 | | 


Tasie 4.—Solar radiation measurements obtained at the Blue Hill 
Meteorological Observatory of Harvard University, during Septem- 
ber 1933. 


| 

Date and — | Air | | Sky conditions;—(clouds, haze (hz), 
Solar Hour tude. |™ss In I, I, smoke (smk), visibility (v, interna- 

Angle. — m | tional scale), wind, etc.). 

| 

Sept. 2 Pf gr. cal.| gr. cal. gr.cal. 
3:27, a.m._-| 33 08 | 1.73 | 1.142 | 0.833 |0. 653 | Few Ci; hz 6°-8°; v 6; W=2 
3:02, a.m__.| 37 11 | 1.65 } 1.185 | 0.858 670 
1:18, a.mn_..; 51 47 | 1.27 | 1.256 | 0.894 (0.698 | Few Ci; hz to 6°; v7; W-1 
0:23, p.m...| 55 36 | 1.21 | 1.207 | 0.847 10.675 
3:14, p.m__.| 35 41 | 1.71 | 1.082 | 0.797 |0.634 | 2 Cu, few Ci; hz to 4°; v 6-7 
4:49, p.m__.| 18 26 | 3.14 | 0.720 | 0.578 |0.461 | 6 Ci, few Cu; v 6-7; SW-2. 

Sept. 12 
3:47, a.m___| 27 00 | 2.19 | 1.310 | 0.961 (0. 767 
3:01, a.m_.-| 34 40 | 1.73 | 1.358 | 0.987 |0.784 | Few Ciin SE, Acuin SE; v 6-8; W-2. 
0:20, a.m_..| 51 42 | 1.27 | 1.444 | 1.013 \0.797 | Few Ci; It hz; v9; WSW-4. 
1:34, p.m__.| 46 35 | 1.38 | 1.384 | 0.974 (0.774 | Few Ci; It hz; v 9-10; W-4. 

Sept. 13 | 
1:06, p.m_..| 48 53 | 1.34, 1.401 | 0.960 }0.752 | 7 Ci; v 9; W-3. 

Sept. 19 
4:12, a.m__.| 20 45 | 2.81 | 1.034 | 0.776 |0. 634 | 1 Acu; It hz; v 8-9; W-5. 

Sept. 22 
4:07, a.m___| 20 17 | 2.86 | 1.060 | 0.784 |0.629 | 1 Acu; It hz; v 8; WNW-4. 

Sept. 23 
4:04, a.m__.| 21 00 | 2.77 | 1. 164 | 0.875 |0. 703 | Aon in SW,fewin NE; It hz; v 8-9; 

i -3. 

1:30, a.m...| 43 06 | 1.45 | 1. 409 | 1. 009 a 734 oC, Cicu; It hz; v 9; WNW-3 

Sept. 27 
2:43, p.m_..| 32 49 | 1.84 | 0.926 | 0.672 \0.500 | 9 Cist, 1 Acu; v 7; S-4. 

Sept. 30 
2:19, a.m_..| 34 56 | 1.74 | 1.264 | 0.908 10.703 | 1 Ci, Cist; hz to 3°; v 6-8; WNW-2 
0:55, a.m._.,; 43 16 | 1.45 | 1.246 | 0.890 a 690 ms Cu, Acu, in E; hz to 3°-4°; v 8; 

0:51, p.m___| 43 25 | 1.45 | 1.295 | 0.886 |0.694 | 3. Cu, Freu; It hz; v 8-9: SSW-2. 
2:58, p.m...| 29 40 | 2.02 | 1. 130 | 0.819 |0. 632 | Few Cu; It hz; v 9; S-3. 


Heliographic Area Total 

Eastern ee area 

civil time ff. ngi-| Lati- each 

long. | tude | tude Spot a day 

1933 m ° | ° | ° 

Sept. 3 (Naval Observatory) 12 21 
Sept. 4 (Perkins Observatory)...-| 11 30 
Sept. 5 (Naval Observatory) - 24 
Sept. 6 (Naval Observatory) - ---- 13 42 /+18.0] 48.6 |—12.0 |_____- 93 93 
Sept. 7 (Naval Observatory) - 11 29 |+31.0 49.6 |—11.0 77 77 
Sept. 8 (Naval Observatory) - - --- 12 10 |+43.0 | 48.0 |—10.5 |_..--- 62 62 
Sept. 9 (Naval Observatory)...--| 11 2/+56.5] 48.9 |—10.5 40 40 
Sept. 10 (Naval Observatory)...-; 11 34 /+70.0] 48.9 |—10.5 |.----- 12 12 
Sept. 11 (Naval Observatory) - 11 15 te 
Sept. 12 (Mount 9 40 
Sept. 13 (Mount Wilson) --------- 10 1 
Sept. 14 (Mount 9 26 
Sept. 15 (Mount 9 52 
Sept. 16 (Perkins Observatory) -_- 14 25 
Sept. 17 (Naval Observatory)....| 12 2 
Sept. 18 (Naval Observatory)....| 12 28 
Sept. 19 (Naval Observatory)....| 12 29 
Sept. 20 (Naval Observatory)....| 12 17 
Sept. 21 (Naval Observatory)....| 14 22 |—13.0 | 179.2 |+14.0 |_..--- 25 25 
Sept. 22 (Naval Observatory)....| 13 10] —1.0| 178.6 |+13.0 |__-.-- 15 15 
Sept. 23 (Naval Observatory)..-.} 11 27 !+13.0 | 180.4 |+14.0 15 
Sept. 24 (Naval Observatory)....| 12 34 
Sept. 25 (Naval Observatory)....| 11 35 
Sept. 26 (Naval Observatory)_...| 14 23 
Sept. 27 (Naval 11 12 PIO 
Sept. 28 (Naval Observatory)....| 12 17 |+24.0 | 124.9 | —1.0 |_..... 19 19 
Sept. 29 (Naval Observatory) - 11s 1 [+87.0 | 125.4 | —1.5 15 15 
Sept. 30 (Naval Observatory) - -_- 11 42 |+49.0 | 123.9 | —1.0 j-..... 12 12 


PROVISIONAL SUN-SPOT RELATIVE NUMBERS FOR 
SEPTEMBER 1933 


(Dependent alone on observations at Zurich and its station at Arosa) 
[Observations furnished through the courtesy of Prof. W. Brunner, Eidgen. Sternwarte, 


Switzerland] 

September Relative September Relative September Relative 

1933 numbers | 1933 numbers 1933 numbers 
0 11 0 21 7 
te 7 13 0 23 11 
rf 14 0 24 8 
Bi 0 15 0 25 0 
Mc 15 16 0 26 0 
Sree 19 17 0 27 0 
12 18 0 28 11 
eee 7 20 0 30 8 


c= New formation of a center activity; M, in the central zone. 


Mean: 28 days=5.1. 
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tember in practically all cases (see table 1). 
departures occurred at Cleveland and Omaha where they 
reached considerable magnitude. 
humidity departures were negative and of only moderate 


magnitude. 
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AEROLOGICAL OBSERVATIONS 


By L. T. Samvgts 
[Aerological Division, W. R. Gregg in charge] 


Free-air temperatures were above normal during Sep- 


Most free-air relative 


The largest 
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Resultant free-air wind velocities exceeded the normals 


TaBLE 1.—Free-air temperatures and relative humidities obtained by airplanes during September 1983 
TEMPERATURE (° C.) 


at most stations (see table 2). Resultant free-air wind 
directions were close to normal except in the southern part 
pda country where an excess of southerly winds pre- 
vailed. 


Dallas, Tex. Norfolk, Va. || Omaha, Nebr. Pensacola, Fla. || San Diego, Washington, 

meters) ! (146 meters) ? (3 meters) (300 meters) 4 meters) 5 (2 meters)? _||Calif. (9meters)*||D.C. (2 meters)* 
Altitude (meters) m.s.1. 

Depar- Depar- Depar- Depar- Depar- Depar- 

ure ture ture ; ure ture ture ture ture 

Mean | trom || Mean} trom || Mea} from || Mea} from |} Meat | trom || Meat | from || Mean | from || Mean | trom 
normal normal normal normal normal normal normal norma! 
15.7 (6) 23.6 (6) 22.3 —0.7 17.3 10.8 24.9) +0.7 16.9} —2.9 19.1 —1.5 
18.4 (8) 25. 4 (8) 21.4 —0.1 18.8 8 13.1 6) 23.7) +0.6 14.4 —2.2 19.8 +0.5 
17.0} +2.3 23.4) +3.7 19.5} +0.4 20.9) +4.6 12.7] +1.8 21.4] +0.8 17.3} —1.5 18.5 +0.9 
12.6] +3.2 17.4 +2.6 13.4 0.0 17.2} +5.8 7.6 |. +1.1 14.5 —0.4 19.6 | +2.0 13.0 +0. 1 
8.6] +4.2 11.5] +1.8 8.2] +0.2 +5.9 1.3] +0.2 8.5 —0.8 13.7} +19 8.7 +0. 6 
3.2] +43 6.8 | +2.7 4.9} +5.5 —4.8 —0.5 3.1 —0.7 7.2| +1.9 3.0 +0.8 

| 
RELATIVE HUMIDITY (PERCENT) 

83 (6) 86 (®) 76 +1 86 78 (8) 84 —2 $1 +7 78 +3 
66 (8) 72 (6) 65 —2 76 (8) 638 (8) 77 —3 86 +5 65 —2 
62 68 —2 56 56 —3 61 +2 7 —5 63 +6 60 —2 
57 —% 70 +12 54 49 —5 57 +4 69 0 28 —2 62 +3 
40 —12 64 +16 44 -8 47 55 +2 60 26 +1 56 +4 
41 —6 55 41 —10 48 51 -3 23 +1 51 +3 


1 Tem ag ~ ooo based on normals determined by extrapolating latitudinally those of Royal Center, Ind., and Due West, S.C. Humidity departures based on those 
of Royal Center, Ind. 

2 Temperature departures based on normals determined by interpolating latitudinally those of Groesbeck, Tex., and Broken Arrow, Okla. Humidity departures based on nor- 
mals of Groesbeck, Tex. 

3 Naval air stations. 

‘ Temperature and humidity departures based on normals of Drexel, Nebr. — 
- : bog departures based on normals determined by extrapolating latitudinally those of Ellendale, N.Dak., and Drexel, Nebr. Humidity departures based on those of 

endale, N.Dak. 

6 Surface and 500-meter level departures omitted because of difference in time of day between airplane observations and those of kites upon which the normals are based. 


Weather Bureau observations made near 5 a.m.; Navy observations near 7 a.m., e.s.t. 


TABLE 2.—Free-air resultant winds (meters per second) based on pilot-balloon observations made near 7 a.m. (E.S.T.) during September 1933 
{Wind from N=360°, E=90°, etc.] 


Albuquer- Bismarck Browns- Cheyenne. : Cleveland Havre Jackson- 
que, N. Atlanta, Dak.” il ville, Tex, || Burlington, yo.” || ,Chicago, Ohio |(Dallas, Tex ville Fla. || key West, 
Mex. res Ga. (309 m) (518 m) (12 m) Vt. (132 m) (1,873 m) Tl. (192 m (245 m) (154 m) (762 m) 14m) Fla. (11 m) 
Altitude (meters) 
° ° ° ° ° ° ° ° ° 
Le ee 353 0.7 334 0.9 231 0.3 113 | 174 1.5 281 2.2 199 1.0 212 1.6 161 2.2 249 1.8 284; 0.6 lll 3.0 
346 .4 261 4.1 138 5.1 279 277 6.6 285 6.4 207 8.9 257 4.0 128 ot lil 5.7 
347 2.8 260] 6.1 131 5.2 204 2380; 8&8 282 7.8 206 5.9 272 6.2 90 101 5.5 
195} 2.1 268 | 7.8 118} 5.3 293} 8.1 259 | 3.9 292} 9.2 277 | 10.0 202; 2.0 269; 8.1 92 114 4.9 
J ae 257 2.6 351 1.5 276 &.8 109 5.2 291 9.8 257 7.2 269 | 10.5 275 | 10.6 179 1.2 272 9.5 139 1.2 114 4.6 
253 4.1 339 1.9 281 9.2 lll 5.4 285 | 10.9 267 261 9.9 186 .4 275 | 10.1 201 lil 4.9 
236 4.0 312 88 9 256 | 11.6 204 1.4 264 11.1 270 1.2 93 5.7 
239 3.8 303 4.7 69 271 58 8 232 7.4 270 1.5 91 4.7 
Sault Ste. 
Los An- Medford, || Memphis New Or- Oklahoma Omaha, Salt Lake ; Seattle, Washing- 
geles, Calif. || Ore Tenn, || leans, La. || icity, Okla.|| Nebr.” ||,Pboenix, City, Utan|| Marie, | ‘Wash.’ || ton, 
(217 m) (410 m) (83 m) 2m ¥ (402 m) (306 m) , qa, ™m) (14 m) (10 m) 
Altitude (meters) (198 m) 
m.s.]. g > > > > g > 8 > 8 > > 8 8 
BIS} sisz 3 3 3 3 3 
a > AQ > fa) > Q > Q > Q > Qa > Q > Q > Q > QA > Q > 
° ° ° ° ° ° ° ° ° ° ° 
355 | 0.2 184 0.9 36 6.1 95} 0.9 180} 4.2 163 | 0.9 98} 22 151 3.4 77 | 0.3 141 2.3 285 0.6 
329 .4 223 | 4.8 114] 2.4 316} 2.0 180} 7.3 208 | 3.2 166; 1.4 204; 6.1 284 5.6 
288 So 233 4.9 131 3.7 338 2.7 215 | 12.0 244 7.4 226 (a | SReUEA Sai 259 4.5 222 6.9 284 6.6 
192 1.1 246 3.8 129 4.4 315 2.1 227 8.2 261 6.4 233 1.8 169 4.8 268 6.4 218 6.2 292 8.1 
235 | 3.4 254] 3.3 127; 4.0 302} 2.8 2471 5.5 257 | 5.9 209; 2.1 192; 43 271 | 6.7 226 | 3.7 287 9.8 
252 5.5 261 2.3 138 2.8 284 3.5 245; 4,1 255 | 7.4 197 2.9 220; 5.4 278} 8&3 241 4.3 286 9.6 
6.6 270} 2.2 124; 1.9 269 3.0 243; 2.8 264) 7.5 189 | 3.8 237 | 7.5 282 | 10.2 291; 10.0 
251) 8&3 261; 3.4 90 9 238 | 6.7 191; 5.0 257 | 10.2 283 | 12.9 288 | 13.0 
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During September minor to moderate floods occurred 
in the rivers of the Southeastern States, in scattered 
places over the Mississippi Basin, and in the Rio Grande. 

Unusually heavy and general rains on September 1, over 
the watershed of the Big Sioux River, causea a flood, the 
estimated damage from which was $322,000. This flood 
attracted considerable interest because of the prolonged 
dry spell, which has prevailed during the last 4 years. 
While the need for the repletion of ground water supply 
was badly felt, the run-off was so rapid that the soil did 
not absorb the rain to a very great extent and the sub- 
soil remained almost as deficient in moisture as before 
the rain. 

Moderate to heavy general rains over the San Juan 
watershed in Mexico from the hurricanes which passed 
inland at Brownsville, Tex., on September 4-5 and at 
Tampico, Mexico, on September 15 and September 24, 
caused above flood stages in the Rio Grande from Rio- 
—— Tex., to its mouth during the greater part of 

ptember. No lives were lost in the high waters and 
very little property of any kind was damaged. 

As stated in the August issue of the Review, a severe 
flood occurred in Cherry Creek near Denver, Colo. Mr. 
J. M. Sherier, the official in charge of the Denver, Colo., 
Weather Bureau office, writes as follows about this flood: 


Owing to excessive rains in the eastern portion of Douglas County 
on the night of August 2-3, 1933, the Castlewood Dam, located on 
Cherry Creek about 32 miles southeast of Denver, collapsed 
shortly after midnight of the 3d. In the flood which resulted, the 
crest of which reached Denver about 7:30 a.m. of the 3d, 2 per- 
sons were drowned, hundreds of acres of fertile farm lands were 
ruined, scores of head of livestock were lost, and many bridges, 
including 6 within the city limits of Denver, were destroyed. 
Basements of hundreds of houses in the lower portion of Denver 
were flooded, and water completely filled the subway of the Union 
Station and reached a depth of a foot and a half in the main waiting 
room. 

According to a recent survey by a committee of engineers, the 
estimated damage within the city was as follows: sidential 
property, $64,147; industrial property, $439,143; railroads, $65,450; 
city of Denver, $175,000. Outside of the city the following 
damages are estimated by the same committee to have resulted: 
Farm property, $159,000; industrial property, $18,550; railroads, 
$8,000; bridges, $24,500. In all 1,100 pieces of property were 
reported to have been involved, and the total amount of the damage 
is estimated to have been $953,790. 
mw On account of the timely warnings by the caretaker at the dam, 
and the action by city and county officials and telephone companies 
in giving the information thorough distribution, hundreds of lives 
undoubtedly were saved. 
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{River and Flood Division, Montrose W. Hayes in charge] 


At the present time steps are being taken to form a conservancy 
district and toconstruct permanent safeguards against disasters of 
this kind. Under ordinary conditions Cherry Creek is agtiny 
stream that trickles and meanders through the valley above Den- 
ver, and its bed through the city itself, between concrete retaining 
walls, often is dry. It rises, however, in a region that is subject to 
violent downpours. The Indians are said to have called it ‘‘a bad 
actor”, a reputation which it has maintained through all of the 
years since their time. 


Table of flood stages for September 1983 
[All dates in September unless otherwise specified] 


Above flood 
Flood stages—dates Crest 
River and station stage 
From—j| To— | Stage} Date 
ATLANTIC SLOPE DRAINAGE 
Feet Feet 
7 7 19 8.4 
Saluda: Chap: 14 7 9] 18.0 8 
1 17} 15.0 10, 12 
12 19 24] 13.1 
27 (*) 13.2 
12 10 18} 12.4 13-16 
Savannah: Ellenton, 14 9 14.7 10 
Meldrim, 9 7 10.7 8 
Altamaha: Everett City, Ga_______ 10 13} 10.8 ll 
MISSISSIPPI SYSTEM 
Missouri Basin 
Big Sioux: Akron, 12 3 17.6 5 
Grand: 
20 27 28 | 21.3 27 
illico 18 28 28 | 20.5 23 
Ohio Basin 
West Fork: Anderson, Ind.......-.......--.- 8 27 28 9.3 28 
Wabash: 
10 29; Oct.1] 111 29 
ll 29 29 11.7 29 
Arkansas Basin 
Arkansas: 
Olts, 15 2 3| 16.0 3 
Fort Smith, Ark. 22 5 5| 22.4 5 
WEST GULF OF MEXICO DRAINAGE 
Rio Grande: me 
7 13 | 22.0 10-11 
20 18 27| 21.7 19-20 


* Continued into October. 
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WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


(The Marine Division, W. F. McDonald in charge] 


NORTH ATLANTIC OCEAN 
By W. F. McDonatp 


Atmospheric pressure —Average pressures during Sep- 
tember 1933 were above normal over the northeastern 
Atlantic and western Europe. The largest excess was a 
quarter of an inch, in the region of the Shetlands. High 

ressure areas were better developed and more persistent 
rom the Azores northeastward than in other regions of 
the North Atlantic. The highest barometer readings of 
the month were observed southeast of Ireland between the 
6th and 8th when a number of ships recorded 30.40 to 
30.60 inches. 

Considering the month as a whole, however, the normal 
Atlantic HIGH was characterized by weakness and irregu- 
larity, especially between the 3d and 10th, and from the 
22d until the close. When well established, the center 
was at times shifted unusually far south of the Azores, and 
on several dates between the 9th and 17th the barometer 
was up to 30.00 inches in latitudes as low as 5° N., which 
is an abnormal height for that region of the Atlantic. 

Average pressures were 0.10 to 0.20 inch below normal 
along the American coast north of Cape Hatteras, and 
slightly deficient over the remainder of the ocean west of 
a line from the Madeiras to southeast Greenland. 


TaBLE 1.—Averages, departures, and extremes of atmospheric pres- 
sure (sea level) at selected stations for the North Atlantic Ocean and 
its shores, September 1933 


Average | Depar-| High. Low- 
Stations pressure | ture est Date est Date 

Inches Inch | I Inches 
Julianehaab, Greenland... 30. 16 10 | 29.06 17 
Reykjavik, Iceland... 29.80 | +0.08 | 30.32 13 | 29.20 16 
Lerwick, Shetland Islands 30.10 | +.26 30.54 7| 29.52 18 
Valencia, 30.06 | +.07 30.42 29.48 2 
6 30.06 | +.04]| 30.39 21 | 29.79 14 
30.05 | +.03 | 30.36 6 | 29.83 16 
30.14 | —.03| 30.30 13 | 29.94 16 
Belle Isle, 29.75 | —.15| 30.24 25 | 28.78 ll 
Halifax, Nova 29.89 | —.16| 30.40 16 | 28.90 18 
29.90 | —.18 | 30.28 15 | 29.16 17 
29.93 | —.13 | 30.20 3] 28.26 16 
30.04} —.04] 30.18 3,4 | 29.76 10 
29.93 | —.05 30.02 8,18 | 29.80 2, 30 
29.90 | 30.07 8} 29.61 1 
29.94 | —.04) 30.11 9} 29.80 ll 
Cape Gracias, Nicaragua. 29.79; —.04| 29.86 7,8} 29.68 30 


Notge.—All data based on a.m. observations only, with departures compiled from 
best available normals related to time of observations, except Hatteras, Key West, 
Nantucket, and New Orleans, which are 24-hour corrected means, 


Cyclones and low-pressure areas 
were slow moving, as a rule, and persistently dominated 
the region from Hudson Bay to mid-Atlantic as far as 
the thirtieth meridian but seldom moved on eastward 
into the Greenland Sea. Several lows, however, moved 
from the Atlantic into western Europe. 


Gales infrequently attended extratropical cyclones 
along the higher latitudes, and were reported at scattered 
places north of the fortieth parallel on less than one third 
of the days of the month. Between the 15th and 22d, 
however, gales and hurricane winds were experienced by 
many ships in connection with a tropical disturbance 
that had moved into latitudes above 40°, first along the 
American coast but finally in the region southwest of 
Iceland as the hurricane center merged with other low- 
pressure systems of the high latitudes and traveled north- 
eastward across the Atlantic. (See table of gales.) The 
Whole track for this storm preceding September 22 is 
shown on chart XI. 


Several cyclones developed over the Atlantic between 
the Azores and the American coast, but only one produced 
storm conditions deserving of mention. That disturb- 
ance began about the 23d southwest of the Azores, and 
moved steadily northward, attended by whole gales over 
a narrow track that started near latitude 30° on the 24th 
and extended almost to latitude 55° by the 27th. The 
origin in this case appears to have been definitely extra- 
tropical, but the storm exhibited some of the characteris- 
tics of a small tropical cyclone in its type of movement 
and the limited area of strong winds. 

South of latitude 40° and west of the sixty-fifth 
meridian, the month of September was productive of an 
extraordinary number of ships’ ale reports, all resulting 
from the activity of tropical cyclones. 

Tropical cyclones.—Seven cyclonic disturbances were 
recognized in the West Indian region in September 1933, 
as discussed elsewhere in this issue, but only five of these 
produced gale winds reported by ships. 

A hurricane of major intensity was in progress west- 
ward along the north coast of Cuba at the tae of the 
month. The American steamers La Perla and Betterton 
experienced hurricane winds on the afternoon of Sep- 
tember 1 in the Florida Straits, and on the 2d the 
Harvester had force 12 and a barometer of 27.99 inches 
near 25° N., 86° W. After that date, winds of force 
10 to 11 were the highest reported by ships in the Gulf 
as the storm moved steadily westward and passed inland 
near Brownsville on the night of September 4. Damage 
to maritime interests by this hurricane was mostly 
confined to the north coast of Cuba and the southern 
coast of Texas. 

While this hurricane was in full progress over the 
Florida Straits, another was forming some distance north 
of Puerto Rico. About midnight of September 1 its 
center, accompanied by storm winds (force 11) shifting 
from west-northwest to south, passed near the American 
tanker fp ew at 22° N., 69° W., where the barometer 
fell to 28.89 inches. From that date until the 6th, vessels 
experienced strong gales and storm winds associated with 
the further movement of this disturbance over the north- 
ern Bahamas to Florida and Georgia, but so far no ship 
has reported winds of hurricane force, in that connection. 

The weather chart for September 4 (chart VIII) shows 
the first of these storms approaching Brownsville, with 
the second over Florida. 

On the afternoon of September 11, the major hurricane 
of the month was definitely identified with its center fully 
developed near 23° N., 62° W., where the French steam- 
ship Washington passed through the left semicircle. The 
barometer fell to 27.96 inches, attended by winds of force 
11 shifting from north-northwest to southwest. The 
vortex was of relatively small diameter at the time, for 
at the same hour when the Washington experienced the 
lowest pressure the British ste ip Tuscarora, then 
about 50 miles away, recorded a barometer reading of 
29.53 inches. 

No ship has reported coming in close contact with the 
center of this hurricane again until the 15th, although 
winds of force 9 to 11 were recorded by several ships at 
distances of 75 to 100 miles on either side of the storm 
track. On the morning of the 15th the American ship 
Orizaba experienced a southeast hurricane, barometer 
28.59, near 34° N., 74° W. Thereafter the marine 
records are replete with ships’ observations of pressures 
between 28.24 and 29.00 inches, and winds of hurricane 
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violence, as the storm center moved northward past 
Cape Hatteras and thence northeastward to Nova 
Scotia. The details of the more intense phases of this 
movement will be found in the selections from the nu- 
merous ships’ reports carried in the accompanying table 
of gales and storms. 
he situation over the Atlantic on September 15, 
when this hurricane fully covered the coastwise steamer 
lanes, is shown on chart [X; and its stage 3 days later on 
chart X. The complete track of the storm, after it had 
assed on toward Iceland, will be found on chart XI. 
Notwithstanding its great size and intensity, and the 
course northward over crowded shipping lanes, there was 
remarkably little maritime loss apart from the damage to 
coastal works and small craft. 

While this major storm was in progress two other 
intense disturbances arose in the western Caribbean Sea, 
at dates less than 10 days apart, which followed remark- 
ably similar tracks northwestward across Yucatan and 
the Gulf of Campeche. Each struck Tampico, Mexico, 
as a disastrous hurricane. The first of these storms 
produced gales of force 9 in the Gulf of Honduras on the 
12th and 13th, and whole gales in the southwestern Gulf 
of Mexico, on the 14th and 15th, but so far no ship has 
reported winds of hurricane force. 

he second of the pair was of hurricane intensity over 
a very small area when the center was first definitely 
located by the American liner Virginia, which passed 
through the vortex (pressure 27.40 inches) at 18°30’ N., 
83° W., on September 20. This experience of the 
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Virginia is fully reported in another place in this issue. 
On the following day the American steamer Tivives also 
experienced hurricane winds in this storm as she was 
steering northward into the Yucatan Channel. Again, 
however, the center moved through the southwestern 
Gulf without seriously involving any of the small number 
of vessels that ply those waters, and no winds higher than 
force 10 have been reported from that region prior to 
September 24, when the center moved in over Tampico, 
torm damage in the city of Tampico was very great, 

both in property and in human lives, but no major loss 
to shipping has come to notice. The German steamer 
Adria reports that the two storms caused great changes 
in the entrance to Tampico harbor by the action of 
storm tides and currents, which shifted the bar. 

Chart IX shows the first of these two storms over 
Laat The second is shown over Yucatan on chart 

Fog.—Fogginess was less prevalent than usual near the 
European coast, and above average frequency west of 
the 20th meridian. The normal seasonal decrease did 
not occur in the region of the Grand Banks and Gulf of 
Maine, where fogs were encountered on 10 to 14 days of 
the month, nor in the surrounding regions from Cape 
Hatteras to mid-Atlantic north of the 40th parallel, 
where fogginess was reported on 6 to 9 days in many 
5-degree squares. 

Fog occurred September 14 on the 25th parallel south 
of the Canary Islands; this is a most unusual record. 


OCEAN GALES AND STORMS, SEPTEMBER 1933 


Voyage Position at time of Low- | Direc- | Direction Direc- 
oyag lowest barometer Time of eat tion of | and force | tion of | Direction Shifts of wind 
Veneal ee i Gale lowest Gale ba. wind of wind wind | and high- near time of 
Le began barom- } ended time of | est force of | lowest barom- 
“a ; mgi- eter gale owest gale wind eter 
From To— Latitude tude | eter | began | barometer | ended 
NORTH ALTANTIC 
OCEAN 
Inches 
La Perla, Baltimore....| Puerto Bar- | 24 20 N | 80 40 W | Sept. 1 5p.,Sept| Sept. 2 | 29.51 | ENE-.| ESE, 12...) ESE, 12...| None. 
Trios. 
Cefalu, Habana-.---- Cristobal____- 23 09 N 82 21 W 5p., 1..._| Sept. 1] 29.06 | W, 10_.--- WNW-SSW. 
Betterton, Am.S.S__.---| Houston.-.--- New York.-._| 24 20 N | 82 40 W 6p., Sept. 2 29.41 | NE, 12....| ESE...| NE, 12....| NE-E. 
Gulfwing, Philadelphia.| 21 52 N | 68 59 W lip., 28.89 | N_...-- WNW-W-S. 
7enezuela. 
G. Warden, | Port Aransas_| Baltimore....| 24 45 N | 83 45 W la., 29.37 | E, 11_....- E. 
Am.8.8. 
Dilworth, Am.S.S_......| New Colon_...-..-- 25 28 N | 7400 W | Sept. 2 | Ip., 2....| Sept. 3 | 29.46 | E_.--..- NH, do....| NE-E. 
Harvester, Am.S.S____.-| Houston----- New York.__| 25 00 N | 86 00 W 2p., 27.99 | NE_.-..| NE, NE, 12....| NE-E-SE. 
Pacific Sun, Am.M.S____| Beaumont___| Marcus Hook! 25 59 N | 85 38 W |__.do.___| 4p., 2.-..| Sept. 2 | 29.71 |_..do...| ENE, 10._| ESE ...| ENE, 11_.| NE-ENE-E. 
Bremen, Ger.S.S._-__---- New York___| Bremerhaven} 41 47 N | 52 34 W | Sept. 1 | 8p., 2..-_|...do..__| 29.79 | ESE_..| NNE, 10__}...do_..| NNE, 12._| SSE-N-ESE. 
Trimountain, Am.S.S___, Philadelphia_| Cristobal_....| 25 00 N | 73 30 W | Sept. 2 | 8p.,2_...| Sept. 3 | 29.69 | ENE --| Var., 11...| SSE__-| Var., 11...| ENE-SSE. 
Aldecoa, Lisbon__----- New York._-.| 40 32 N | 51 48 W Mdt.,2 SSW, 10_.| NNW-.| SSW, 10._| S-WSW-NW. 
E] Mundo, 27 40 N | 91 00 W | Sept. 3 | Ip., 29.59 | N.-.... ESE...| NE, 9..... NE-E. 
R. J. Hanna, Am.8.S_...| Houston-- --- Marcus Hook | 25 30 N | 93 00 W |-..do_---| &p., 3....| Sept. 4 | 29.20 |...do.._} W, 11.-.--- SSE...| WSW, 11.! NW-W-WSW. 
Berlin, New York.__; 48 47 N | 28 10 W | Sept. 4 | 7p.,4.-.-| Sept. 5 | 29.68 | SSE...| S, NW ...| NW, 9....| S-W-NW. 
anne 
Hazelwood, Br.S.S_._...| Swansea- ---- Montreal.._.| 53 39 N | 24 06 W |...do..--| 2a., Sept. 7 | 29.17 | S_...... WNW, 10_.| S-WSW-WNW. 
Gonzenheim, Ger.S.S__..| Antwerp----- 50 57 N | 48 45 W 4a., 6....| Sept. 6 | 29.40) SSW, SSW, 9.-- 
Solana, Boston_------ New Orleans.| 31 25 N | 80 06 W | Sept. 5 | 4a., 29.63 | SE___-- s SE-SSE-S 
Quistconck, Am.S.S_....| Hamburg.-.-.; Norfolk. .---- 42 24 N | 55 54 W | Sept. 10 | Madt.,10_| Sept. 11 | 29.21 | SW__-.| SW, None. 
Hazelwood, Swansea- ontreal.._.| 52 25 N | 52 48 W Sept. 11 | 6p., 11__-| Sept. 13 | 29.07 | SSE_..' ESE, _| S-ESE-WSW 
Washington, Fr.M.S.-.--| Havre.......- 23 15 N | 61 40 W | Sept. 10 8p., 11_..| Sept. 12 | 27.96 | NE__-.| NNW, 11. --| NNW-SW. 
Tuscarora, Br.S.S__-.---- Aruba _.....- Liverpool_...| 22 52 N | 61 20 W | Sept. 11 | 8p., 11_../.--do_....| 29.53 | NNW_.| WSW, 9-- W-WSW-SSW. 
Zacapa, Am.S8.S8_.--.---- — Hon- ,; New Orleans_| 18 05 N | 87 06 W | Sept. 12 | 4a., 12___) Sept. 13 | 29.39 | NW_._| NW, 6_.-- 
uras. 
President Hayes, Am.S.S,| Habana------ Cristobal.....| 20 15 N | 84 18 W 4p., 29.70 , NE...-| ESE, 8... .| SSE-E-SE. 
Sinaloa, Hond.8.S_ .-| 118 34 N | 86 58 W |...do._.-| 2a., 20.48 | ESE, 9.... ESE-SE. 
Panuco, .| New York.--_| Progreso. 21 30 N | 89 30 W | Sept. 13 | 5p., 13_._| Sept. 14 | 29.40 | NE_._.| ENE, ENE-ESE. 
Gulfstar, New York..-_} 28 54 N | 69 50 W |...do_-_--/ la., 29.61 |...do...| SE, 10.._- .| ESE-SE. 
Jenezuela. 
Spondilus, Br.M.S.---_-- tas pam, | Rotterdam...) 22 26 N | 93 37 W |-_..do..--/| 4a., 14...| Sept. 15 | 29.48 |...do..-_j E, 10_.---- ENE-E. 
exico. 
Thomas H. Wheeler, Baytown...-.- 30 50 N | 76 40 W | Sept. 14 | 7p., 29.52 |...do...) NW, NW-W. 
Am.8.8. faine. 
Anderson, Nor. New Orleans_|!23 12 N 95 48 W |...do.__-| Mdt., 14 29.12 | E, 6__...-- NNE-E-SE. 
Orizaba, New York..-| 33 30 N | 74 00 W |...do_---| 8a., 15...| Sept. 16 | 28.59 | ENE--| SE, ESE-SE. 
E] Oceano, Galveston....| 34 00 N | 74 30 W | Sept. 15 | Mdt., 15 28. 24 |...do_-_| 8, 5...-_-- SSW. 
Shenandoah, Am.S.S..-.} Norfolk. Port Arthur..| 36 35 N | 75 00 W 2p., 16...) Sept. 17 | 28.43 | ENE, 12. ENE-NNW 
Gulfcrest, Am.M.S8-..---- New York-_-_-_} Cristobal__._- 37 40 N | 73 40 W | Sept. 16 | 3p., 16_..|...do.___} 28.65 | NE....| NE, 10_--- ENE-N-NW 
Veragua, 36 48 N | 74 54 W 4p., 16...| Sept. 16 | 28.65 | ESE.-.-| N, NNE-N-NW 
Gulfhawk, Am.M.S__...| Philadelphia_| Las Piedras_.| 36 48 N | 74 38 W |-..do.---| 4p., 28.66 | E_...-- E-N-NW. 
Gulf of Mexico, Am.S.S.| New York..-| Port Arthur__| 36 35 N | 74 41 W | Sept. 15 | 6p., 16_..|...do_.__} 28.48 | SE_...- NNW, 10 > NNW- 
pton| Habana_-.-.. 36 14 N | 73 12 W 7p., 16...) Sept. 17 | 29.24 | SSE, 11...| SSE, 12... SSE-8. 
oads. | 
Walter Jennings, Am.S.S} New York...| Baytown----- 137 12 N | 74 18 W | Sept. 16 | 9p., 16...|.-.do..-_| 28.90 E...-.-| NE, 12....| WNW.| NNE, 12.. ne ee N E- 


1 Position approximate. 
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OCEAN GALES AND STORMS, SEPTEMBER 1933—Continued 


Voyage Position at time of Low- | Diree- | Direction | Direc- 
lowest barometer Time of est tion of | and force | tion of | Direction | Shifts of wind 
Vessel Gale lowest Gale ba- wind of wind wind | and high- near time of 
gale iow e 
From To— Latitude; “tude eter | began | barometer | ended 
Inches 
Monarch, of Bermuda, | New York--.| Bermuda... .-.| 39 15 N | 72 42 W | Sept. 16 | 7a., 17.._| Sept. 17 | 28.85 | NE... | NW, 10_..| WSW-_.| ENE, 12__ = - NW - 
Br.M.8. 
James McGee, Am.S.S_.| Boston......- Galveston....| 37 18 N | 69 15 W |...do.___| 7a., 29.34 | SE____. SSW, 8, 10._.... SSE-S-SSW 
Jean Jadot, Belg.S.S__...| Antwerp..--- New York...| 40 03 N | 71 50 W 17 | 10a., 29.13 | WNW._| NNE-N-NNW. 
Bremen, Ger.S.S.......-| New York ...| Bremerhaven| 39 54 N | 69 16 W |...do__-_-| 2p., 17-.-|_..do.__-| 28.50 |] ENE__| WSW, 12_| W __... WSW, 12.| SE-SSW-W 
Executive, Am.S.S......] New 40 15 N | 69 15 W 3p., 28.56 | SE____. oy NW, 11___| SE-lull-NW 
City of Norfolk, Am.S.S.] Norfolk. ....- 40 21 N | 67 17 W |_.-do____| 6p., 17...| Sept. 18 | 28.77 | ESE___! 8, 10.____- WNW._| WSW, S-WSW. 
United States, Dan.S.8..| New York---] Christiansand| 42 20 N | 63 50 W | Sept. 16 | 2a., 18..-|...do..__| 28.91 | ENE__| SW, 10__--| SW___-| SW, 10___.| SE-S-SW. 
Ile de France, Fr.S.S..--| Havre........| New York..-.] 41 23 N | 60 49 W | Sept. 18 | 7a., 18__-|...do.___| 29.33 | SSE___| SW, 8____- WSW..| SW, 8..--- 8-SW-WSW. 
Kenbane Head, Br.S.S..| Glasgow- ---- 50 55 N | 58 00 W 1a., 19...] Sept. 19 | 28.50 | S_..___- SSE, —-...| S, 9.-_--.- 8-SS 
Mopan, Br.S.S.......... Swansea. Puerto Cas- | 17 43 N | 81 25 W | Sept. 20 | 4p., 20...] Sept. 21 | 29.89] 
Tivives, Am.S.S_....... Cristobal_....| Habana....-. 19 29 N | 85 47 W | Sept. 21 | Noon, 21] Sept. 22 | 29. 30 i fee Rp ee SSE..-_| SE, 12....| W-SW 
Maine, New Castle..| Montreal..../ 58 19 | 32 35 W | Sept. 22 | 10a, 22_.| Sept. 23 | 29.28] WNW_| W,8_____- SW....| 
Munplace, Am.S.8.....-| Progreso... New Orleans.} 21 18 N | 89 39 W 4p., 22_..] Sept. 22 | 29.34 | 03... | 4 NE-E 
Morazan, Vera Cruz. 20 35 N | 95 00 W | Sept. 24 | 5a., 24... t. 24 | 29.47 |] SW_._-| SSW, 10. SSE__._| SSW, 10__| SSW-S. 
San Lamberto, Br. 8.S_.| Tampico_--_- Tuxpam.-... 21 01 N | 97 16 W |_..do.___| 2p., |? 29.19] W____. WSW, 10.| WSW, 10.| W-WSW-S. 
Adria, In, port 22 24 N | 97 00 W |_..do____| 8p., 24...| Sept. 25 | 28.86 | NW___| NE, SE, 12....| N-NE-SE. 
‘ampico. 
Cavina, Avonmouth..} Barbados--..] 31 52 N | 36 01 W |...do____| 7p., 24_..] Sept. 24 | 29.54 | ESE._.| WNW, 8..| NW___| WNW, 10.] ESE-wW-Nw. 
Exiria, Am.8.8.......... Faro. ...--..- New York..-.| 36 34 N | 38 05 W | Sept. 25 | 10p., 25..| Sept. 26 | 29.40 | SE_.__. NW, 10...| WNW.| NW, 10.._| E-N-NW. 
Holystone, Thomes, London_..... 36 52 N | 37 10 W |...do_---| lip., 29.67 | NW, NW, NNW - NW- 
lands. 
Black Tern, Am.8.8.....| New York...| Antwerp_.--- 48 48 N | 29 12 W | Sept. 27 | Noon, 27} Sept. 27 | 29.55 | SE_.__- SSE, 9....| SW_...! SSE, 9....| SE-SSE-S. 
Milwaukee Ger.M.S__..| Galway-.....- New York. 52 18 N | 26 00 W |_..do.___| Madt., 27| Sept. 28 | 29.46 | SSE__-_| S, 10.____- WNW.| S, SE-S-SSW. 
Virginia, Am.S.S._.....- Habana.....- Cristobal_..--. 18 38 N | 83 07 W | Sept. 20 | 8p., 20_..| Sept. 20 | 27.40] E NE, 12....| N 
NORTH PACIFIC 
OCEAN 
Golden Horn, Am.8.8...| Moji, Japan..| Shanghai-_..../ 31 10 N | 123 50 E | Sept. 3a.,3....| Sept. 3 | 28.12} Calm___.- WNW NE, 12._-- Calm - 
Clydefield, Br.S.S_...... Woosung...-.- Los Angeles..| 31 20 N | 121 30 E 4a., 3....| Sept. 4 | 29.50 |.......-- NNW, 8..| NW..-| NNW, 8.. ‘ 
of Russia, | Vancouver..-| Yokohama-.-.| 38 38 N | 144 40 E | Sept. 4] 10a., 5.../ Sept. 6 | 20.25 | E_.___. G, 6...<..4 None. 
r.S.S. 
President Cleveland,| Japan__.....- 51 28 N | 163 20 W | Sept. 5] 10a., 29.16 | SSE_..| N, ESE-N-NW. 
Seattle, Yokohama..-.| 45 20 N | 159 36 E | Sept. 8 | 6a.,8._..| Sept. 8 | 20.65 | WSW..| WSW, 8_._| WNW_| W, None. 
Japan........ 49 17 N | 176 33 E ! Sept. 9] Noon, Sept. 12 | 29.43 8-SW-W. 
City of Elwood, Am.S.S.| Los Angeles..| 36 20 N | 145 57 E | Sept. 15 | 10p., 15_. ~~ 16 | 29.94 8, 7....... None. 
Golden Peak, Am.8.8... Yokohama..-.| 40 24 N | 149 05 E | Sept. 16 | 2a., 29.67 |._..do_._| SSE, 8, SSE-SW-NW. 
City of Elwood, Am.8.8.| Shanghai_.... Los Angeles._|!'41 35 N | 161 25 E | Sept. 18 | 6a., 19...| Sept. 19 | 28.71 | SE__..- SSE, 10...] SSW_._| SSE, 10...| SE-S. 
President Jackson, | Victoria, | Yokohama-_-.| 52 20 N | 147 46 W | Sept. 19 | 4a., 19__./..do____- 29.53 | NW..-| NW, 6...-| NNW . NNW, 8..| WNW - NW - 
Am.8.8. NNW. 
jum 
Fernbrook, Shanghai-_....} Victoria___._- 50 20 N | 132 45 W | Sept. 21 | 3p., 21...] Sept. 22 | 29.21 | W__-_-- WNW,8..| W-WNW-W. 
Juyo Maru, Jap.S.S.....| Muroran....- Seattle__..... 46 24 N | 157 20 E | Sept. 26 | 4a., 26...| Sept. 27 | 29.63 | ENE-_-| NE, NE-ENE. 
Glasgow Maru, Jap.S.8 -| Yokohama.--| Los Angeles_.| 42 51 N | 14205 W | Sept. 27 | 10a, 27_. oe 28 | 29.56 | SW....| WSW, —_| W___-- Wsw, 10 | SW-WSsW. i 
Manini, Seattle. Honolulu----| 47 00 N | 128 06 W |_..do.___| 10p., 29.36 | hy WSW..| 8, 9...-..- 8-SW. 
Ogura Maru, Jap.M.S...| Yokohama...| Los Angeles..| 38 33 N | 155 46 E | Sept. 28 | Noon, pt. 29 | 29.58 |...do.._| SW, ew SW - 
Texas, Am.S.S__.....-.- Port Real, | San Francis- | 41 45 N | 179 05 W | Sept. 30 | 8a., 30...| Oct. 1 | 29.49 | WSW-.| W, 7.-.--- .-.do...| NW, 8....| W-NW. 
zon. co. 
1 Position approximate. ? Barometer uncorrected 
NORTH PACIFIC OCEAN, SEPTEMBER 1933 TABLE 1.— Averages, departures, and extremes of atmospheric pressure i. 
at sea level, North Pacific Ocean, September 1933, at selected 
By Witus E. Hurp stations 
Atmospheric pressure—The Aleutian Low was persist- ef Depar- 
ent through September 1933, with average center over Stations pressure {ure trom) Highest | Date | Lowest | Date 
the Gulf of Alaska (mean pressure at Kodiak, 29.69 
inches). Pressure was below normal along the entire poi erie art ‘ 
American coast from Kodiak eastward and southward, 29.93] +0.03| 30.46 1} 29.60 20 
with the point of greatest departure, —0.18 inch, at tel 
Juneau. Over most of the remainder of the North oe) Cel. oe 1} 29.16 26 ) 
-. 30. 23 5 28. 96 28 
Pacific, pressures were somewhat above normal, except in 20.90] —-} 30.30 30! 29.42 2i 
the extreme southwestern part, where Manila was 0.06 
inch below. 30.06 | +.06 30. 15 29.94 30 
, " 30. 10 +.09 30. 18 19 29. 96 14 
High pressure during the greater part of the month 29. 83 0] 29.90] 18,27,20) 29.74 5 
covered most of the central part of the ocean. 10,30] 
Cyclones and gales —While depressions were prevalent 29.89 | +.03] 30.06 29. 66 a1 
over northern waters, gales were infrequent and wind 


forces as a rule did not exceed 8 or 9. The deepest and —Norg.—Data based on 1 dail tion 


i 1 Island, San Francisco, and H otal hich bser tio Depart 
an onoiulu, W are on 20 Vations. ures i 
most active storm center of the month, with pressures sland, San Prancisco, and Honolulu, whi 


below 29 inches, lay off the Canadian and lower Alaskan 
coasts on the 27th and 28th. Rather beige 50 gales In the American tropics the American S.S. Java Arrow 
attended its slow movement eastward. On the 27th, for reported a moderate gale (force 7), with 0.06-inch fall in 
instance, a bio 4 ear (force 10) from west-southwest was pressure, while west of Manzanillo, Mexico, on the 13th, 
reported in 43°N., 142°W., and on the 28th Tatoosh and the observer noted that “apparently there was a 
Island experienced a 62-mile south wind (force 10). storm of some intensity to the west of the ship.” This 
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center was not identified, however, in any other observa- 
tions reaching this office. During the night of the 13th- 
14th squally weather accompanied by southwest to west 
winds of force 7-8, but no depression of the barometer, 
occurred in the neighborhood of 12°-13°N., 96°-97°W. 

Typhoons.—On August 29 a typhoon was reported as 
organizing about midway between the Marianas and the 
Philippines. On the 31st it lay south of Naha, when one 
Japanese ship reported a gale of force 9 in the vicinity 
to the Tokyo Meteorological Office. The typhoon began 
to recurve from this point and on September 1 lay ~ 
tween Naha and the China coast, whence it pursued a 
northerly and later a northeasterly course, until it was 
lost to observation near the coast of Kamchatka on the 
7th. It attained full hurricane force on the 2d, if not 
earlier, when 100 miles or so east of Shanghai. The 
American 8.8. Golden Horn (Capt. J. B. Knowles, master; 
Second Officer E. M. Black, observer), Moji to Shanghai, 
encountered winds of force 12 from northeast and east- 
northeast from about 8 p.m. of the 2d until after 1 a.m. 
of the 3d, and was in the typhoon’s vortex from 2 to 3 a.m. 
of the 3d, lowest barometer 28.12, with a dead calm 
prevailing at 2:30 a.m. The observer commented upon 
the tremendous seas experienced prior to entry into the 
vortex, and upon the abnormal lessening and absence of 
confusion of the seas within the center. ‘‘Birds of many 
different types’’, he said, “littered the decks; over 300 
were counted on the bridge alone. All were exhausted, 
even the Arctic tern, which is a very strong bird.” The 
Golden Horn was then in about 35 fathoms of water. 
The west-northwesterly winds which followed the center 
did not reach their highest force (10) until 7 a.m. On 
the 5th fresh gales (8) from this storm were reported 
along both east and west coasts of central Japan, and 
strong gales (9) on the 7th in the Okhotsk Sea. 

On September 9 a depression originated southeast of 
Yap. It moved along a generally northwest course until 
the 17th when, east of Taiwan, it turned northward across 
the Eastern Sea, then suddenly swerved across southern 
Japan and died out to the eastward on the 20th. This 
disturbance appears to have been of considerable depth 
on the 18th and 19th, but the Tokyo reports show no 
wind forces higher than 9 occurring in the Eastern Sea 
on those dates. 

Other minor disturbances of the Far Eastern tropics 
were (1) a depression of the 13th-18th which, originating 
near the western Marianas, moved northward past the 
Ogasawara Islands and caused gales of force 9 near 40° N., 
150° E.; and (2) a disturbance of unknown intensity which 
gathered east of the Philippines on the 8th and moved 
northwestward into the northern part of the South 
China Sea, where, with slow westward progression, it 
continued during the 10th to 15th. 

Fog.—At least 17 days with fog were reported along 
the California coast between San Diego and Eureka. 
Between Eureka and Vancouver Island fog occurred on 
13 days. Along the northern steamship routes it was 
observed on 1 to 5 days, the localities of most frequent 
a lying south and southwest of the Aleutian 

slands. 


TYPHOONS IN THE FAR EAST, SEPTEMBER 1933 


By Rev. C. E. 
[Assistant Director, Philippine Weather Bureau, Manila, P.I.) 
(1) September 10.—There are indications that this small 
but interesting typhoon started in mid-China Sea about 
September 8 and then traveled northeast to the west 


1 For a detailed account of this storm, see the following article on typhoons by the 
. C, E. Deppermann, S.J, 


Rev 
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Balintang Channel, just northwest of northern Luzon. 
As usual, it was on the intertropical front (hereafter 
called more briefly the ‘tropical front’) between the 
southwest monsoon and the trade wind. When defi- 
nitely located on September 10, it had recurved westward 
and continued in this direction until it reached the Gulf 
of Tonking, where it filled up and disappeared. Why? 
The southwest monsoon stream had divided, the main 
einen: crossing the Philippines to enter the typhoon of 

eptember 11; the rest was almost entirely blocked from 
reaching the typhoon by the mountain ranges of east 
Indo-China. 

(2) September 11.—This typhoon started on the eastern 
branch of the tropical front. On September 9 there 
were strong suspicions of some depression passing be- 
tween Guam and Yap, since the barometers of these 
two stations fell considerably (1.5 to 2 mm is ‘‘consider- 
able” for these tropical stations). The southwest mon- 
soon in typhoons still in the growing stage seems to occupy 
a V-shaped sector pointed northward. A little consider- 
ation will show that the center of the disturbance could 
already have passed the line (NE-SW) joining Guam and 
Yap and yet give no wind shift to southwest at the more 
southerly station, Yap. In fact, winds and cloud direc- 
tions may seem to indicate a disturbance still to the south 
of Guam. This shift to southerly winds did not come 
until the 10th, when the front passed through Yap. 
On the 12th, as the typhoon came nearer to the Philip- 
pines, the front from the typhoon to the islands was 
very neatly given by the wind directions of 2 ships, 1 
above and 1 below the front. It may be noted in 
passing that an almost infallible sign of a typhoon to 
the east of the islands, even before any fall of the barom- 
eter, is the presence of squally winds from the southwest 
sweeping through the islands on their way to feed the 
typhoon. On nearing the islands, the typhoon gradually 
recurved northward without touching them. The situa- 
tion on September 17 is quite instructive. The typhoon 
was just below Ishigakajima in the Nansei group. From 
thence the front extended toward Guam, with trade wind 
to the east and southwest monsoon to the west. Again, 
from the typhoon over to mid-Indo-China, there was a 
sharp front between strong southwest monsoon winds 
and equally strong northerly winds from the Formosa 
Channel. Many ship reports from the China Sea enabled 
us to mark this front with the sharpness almost of a knife. 
In fact, on this front, close to western Luzon, a “baby” 
typhoon started, with barometers down to about 746 mm 
and wind force 10 to 11. Speaking rather timidly from 
observations only of the present year, this north-pointing 
V-sector of the southwest monsoon, with trade wind to 
the east and northerly Asiatic air to the west, seems to 
be typical of typhoons which curve northward and are 
soon to enter the eastward-moving circulation. The 
very moist southwest monsoon also seems to be the 
‘“‘feeder”’ of the typhoon by reason not of temperature 
differences but of the vast energy it can release by con- 
densation of its ample supply of water vapor (cf. Refsdal, 
Der Feuchtlabile Niederschlag, Geofys. Publ., vol. V, 
no. 12, p. 62, ff. and other Norwegian pobre 
By the 17th, the typhoon had Boreciess much in intensity, 

assing over Ishigakajima, which station was temporarily 
flisabled, giving no more weather observations until the 
20th. The storm continued northward until about 100 
miles east of Shanghai. The President Cleveland just 
about this time (Sept. 19) was close to the center, and 
reported 726.7 mm, wind force 12, tremendous sea. 
Two Japanese ships sent out SOS. As far as could be 
ascertained from newspaper reports, only one of these 
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ships was accounted for some days later. Already on 
the 18th the cessation of strong winds in the China Sea 
indicated that the storm had become occluded, with 
the southwest monsoon forced out, leaving the typhoon 
to join the east-moving circulation and the front between 
polar air and the trades. In fact, with ee inten- 
sity, the typhoon on the 19th while in the Yellow Sea 
turned quite wrpdm | eastward, cutting across southern 
Chosen (Korea) and lower Japan, curving to the south- 
east on the 22d, and passing beyond our maps. 

(3) September 19.—It is just possible that the ‘“‘baby” 
typhoon mentioned in (2) lazily traveled northward 
until it showed itself more emphatically on the 19th just 
northwest of northern Luzon, but there are no data to 
confirm this except rather strong winds in northern 
Luzon on the abst the 18th. However, after the 
southwest monsoon had broken connection with the 
typhoon up north, the trade wind surged in with a rush 
on the 19th through the channel between Luzon and 
Formosa and, meeting the southwest monsoon still in 
the China Sea, either pushed the “baby” hoon 
westward, or else started a new typhoon along the now 
rebuilt tropical front. This bf se assed rapidly 
west-northwestward to just below Hong Kong, and dissi- 
pated soon afterwards when it entered the mainland. 

(4) Sept. 26—This storm was first discerned as usual 
between Guam and Yap on the tropical front, along which 
it traveled in a westnorthwest direction. As the storm 
progressed, the front did not as usual move quite rapidly 
through the Philippines northward, but remained near 
the southernmost end of the Islands, indicating that the 
typhoon was not fed by a very strong stream. In fact, 
as the typhoon passed through northern Luzon, the 
southwest monsoon sector was found to be very narrow 
and the typhoon very mild, doing practically little dam- 
age. In the Islands, the lowest barometer seems to have 
been only 745 mm. Contrary to what is often asserted 
in books, this typhoon though so small had no difficulty 
in surmounting the mountain ranges of Luzon, over a 
mile high. Why did not this typhoon recurve? For 
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some days previously a large high pressure area had 
built up over China and Japan, forming a front (the polar 
front we may call it) between north Asiatic air and the 
trade wind all the way from east of northern Japan down 
to Indo-China; but the trade wind divided into two parts 
near the Nansei (Loochoo) Islands, one stream going 
northeast, the other roughly southwest. The typhoon 
was caught in the more southerly stream and hence made 
its way gradually toward the polar front which it 
apparently seemed to reach near the Philippines. While 
in the China Sea indications are that the southwest mon- 
soon was squeezed out entirely, and the typhoon pro- 
gressed along the polar front in a westerly direction until 
at the time of writing (Oct. 3), it passed very close to 
Phulien in Indo-China, having increased slightly in 
intensity. 

In conclusion, it may be added that in following fronts 
through the Philippines, the writer has been greatly 
aided by the direction of motion of the lower clouds. 
Quite early the Manila Observatory recognized the value 
of such observations as an aid in locating the center of a 
—s (usually on the line perpendicular to the lower 
cloud direction), and hence this information has been 
included in the telegrams sent by our weather observers 
to the Manila central station. The ground winds are 
much influenced by topography and by the land and sea 
breeze, but usually the lower clouds are free from these 
influences and give quite faithfully the direction of the 
general air stream. This is a marked help when fronts are 
weak, as often happens in the islands, and their detection 
through rain areas, temperatures (almost hopeless in the 
Tropics!) and barometric pressure proves illusive. Since 
the islands are narrow, it has also been found necessary to 
draw half-millimeter isobars to bring out many salient 
facts. The writer is convinced that if all the observatories 
in the Far East, and for that matter throughout the world, 
reported lower cloud directions, the tracing of general air 
streams and consequently of fronts, would be greatly 
facilitated. 
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CLIMATOLOGICAL TABLES ' 


CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau 
the monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures 
with dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indica 
by the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 
stations. 

Condensed climatological summary of temperature and precipitation by sections, September 1933 


[For description of tables and charts, see REVIEW, January, p. 37] 


Precipitation 
Greatest monthly Least monthly 

| gs 2 | ks Station Station 3 

A A < 

1. In. In. In In. 
79.6) +3.9 22 |} 2.30 | —1.05 & 0.00 
77.8 | +3.2 25 || 1.55 | +.40 Ranger S 6.13 | 5 00 

on. 
78.6 | +4.2 21 || 5.10 | +1.77 | 14.92 | Magnolia 17 
California........... 65.4) —2.1 21 .14| —.33 | Crescent City (near).| 4.51 | 96 stations_-_-_..._.. 
62.5 | +4.7 116 || 1.87] +.56 | 5.25 | Cheyenne Wells__.-| .08 
81.8] +2.3 22 || 7.69 | +.90 | 19. 25 | Cottage Hill. . 32 
78.5 | +3.0 21 4.15 | +.47 | 18.65 | .61 
55.5 | —1.3 26 |} .92| —.09 Wallace............. 4.44 | 
73.2) +6.1 29 3.72] +.14 Roberts. ............ . 25 cLeansboro. 1.2 
72.4) +5.2 21 4.94 | +1.57 | 10. 47 | 1.72 
69.4 | +5.7 27 |, 4.16 | +.37 Rock Rapids__...... 7.89 , Williamsburg. 2.13 
74.3) +47 27 || 2.25) —.52 } 9.00 2stations...........| T 
Kentucky... -| 743] +3.7 21 || 5.03 | +2.10 | 13.75 | 1,73 
Louisiana --| 81.7 | +3.7 121 || 1.74 | —2.18 | New Orleans No. 2..| 4.28 12 
Maryland-Delaware_| 70.2 | +2.4 30 || 3.21 | —.02 | Keedysville, Md_..-| 6.65 | Princess Anne, 1.15 
64.2; 12 || 3.56} +.33 | 8.39 | 95 
63.2) +41 29 || 3.07 | +.16 | Pigeon River Bridge-_} 10. 51 45 
80.6 | 21 |} 1.90 | —1.18 | 4.70 | Bay St. 10 
74.6) +5.4 27 || 4.38 | +.32 12.02 | Bowling Green_..... 73 
55.3 +.6 115 || .85 | —.54 | 3. 98 Wank 00 
Nebraska... 69.1) +5.3 26 || 2.38; +.24) 7.33 | 35 
63.2 | +2.4 .98 | 19 .00 
New England-.-.-..-. 61.4) +1.1 13 || 6.43 | +2.76 | Provincetown, Mass| 15.76 | Jackman, Maine...) 1.2 
New Jersey.......-.- 68.0) +2.1 13 |} 6.07 | +2.51 | Little Falls_........] 10.86 | Pemberton.......... 2.70 
New 68.0) +3.5 20 || 1.29 | —.32 | Carlsbad Cavern....| 488 | 00 
62.8; +1.6 12 || 4.02] +.64]| 10.32 | 71 
North Carolina__---- 75.1! +4.1 22 || 2.96 | —.98 | 13.63 | 17 
North 60.9; +4.5 18 | Willow City. 22 26 || .79; —.86 | 2:71 | 2 stations.........<. 
69.1) +3.5 ....... 38 28 || 4.65 | +1.67 | New Bremen----_-- 9.12 | Lock No. 23.......-.. 1,87 
55.9} —1.6 9 30 || 1.71 | +.47 | 14.96 | Valley Falls_.......- 
66.3 | +2.2 32 12 || 4.66 | +1.20 | Mauch 11.67 | 2.23 
-| 77.8 | +3.3 17 | 42} 121 || 4.06} —.04 | Charleston. 13.04 | Winthrop College_._| .83 
66.7 | +5.2 23 26 || 1.21] —.48 | Canton._-- --| 436 = 
76.2 | +48 16 | 38 21 || 3.55 | +.52 | Tiptonville.........| 7.66 
81.1] +3.7 43 19 || 257] —.30| 18. 25 | 2 stations. _........- 00 
64.2; +3.7 S etations........... 19 | 116 .55| —.48 } 3. 02 00 
73.0) +44 > 37 22 || 1.81 | —1.22 | Mount Weather_...| 8.49 | 
WwW 55.3 | —2.9 4 | 2stations........... 20| 3.42 | +1.59 | Elkpark (near)_-.... 15.45 | Wahluke............ 2 
West Virginia. 70.3} +3.9 i: 35 30 || 3.71! +.81 67 
64.4| +4.0| New 101 8 | Long 23 | 29 || 3.30] River Falls.........| 7.75 | 
57.0] +2.5 | 100 4 | Dome .89| —.27 Pine Bluffs..___.... 29 | T 
Alaska (August) 52.8 —.9 | View 24] 18| 3.50} +.01 | 19.58 | Barrow-.....-------- 
73.6 | —1.2 | Molokai Ranch----- 92} Kanalohuluhulu__.-| 46 1 || 3.46 | —2.28 | Papaikou (Mauka)--| 18.06 | 10 stations. 
Puerto Rico----....- 78.4) —.2 | San German. ..-.... 97 | 12) Guineo Reservoir...) 52] 11 || 9.96 | +1.92] Rio Blanco-.......... 18.55 | Mona Island_--.---- 1.30 
1 Other dates also. 
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TABLE 1.—Climatological data for Weather Bureau stations, September 1933 
Pressure 


| 


instruments 


Elevation of 


punoi 


punoi3 


[@AQ] Bas 
eAogs 


—.1 


1933 


District and station 


Maine__.__ 
Maine....__ 


lle 


port 


ing 


po 

gz 


Greenvi 
Portland, 


East 


Ory .......... 


Richmond. 


South Atlantic States 


Charlotte. 


G 


Florida Peninsula 

East Gulf States 
Macon 
Thot 
Anniston 


Tam 


Ti 


_ 
New 


Shreve 
Bento 
Fort § 
Little 
Austin 


Vicksb 


Fe 


= 
a 
| | 
| 
Ft.| Ft.| Ft.| In. | In. | m. | ov. ler, | oF In. | In. |Mites 10| In. | In, | 
New England 62. 8} +2. ( 5.85) +2. 6. 
82) 29. 90-0. 13] 56.1] -+0.3] 73} 62 5.04] +2.31 121 6,131] sw. e. | 17 1817.0 0.0 mo 
103! 79| 29.91] —. 14] 61.0) +1.4 9| 68 6.07, +3.0| 17| 5, 400| w. nw. | 10 10 10 108.4 
61| 29.92] —. 14] 60.9] +1.6| 88] 27] 71 
403 47| 29.91) —. 15] 61.0! +. 7] 81) 27 7 ---| 2.86) —.6| 13] 5,62i| s. se. 17} 6.7} .0 
876| 29.94] —. 12) 57.4) +1. 86) 27] 69 86] 2.17; —.9| 13] 4, 162s. 25| sw. 3| 12} 15) 7.1) 
198 78} 29.92] 65.8) 74 56 77) 10.94| +7.8] 15] 5,904] w. n. | 7) 11/1260 [0 
1 89) 29.90) —. 18} 66.0; +3. 2 6} 71 1) 7.54) +5.1) 9) 9, sw. | 54] ne. 17} 11 12) 5. .0 
Block Island 89} 29.92} —. 16) 65.6) +2. 2) 79] 9) 7 8.54) +5.9] 12/10, 199) w. n. | i 12} 6.0} .0 
= 160} 2 75) 29.92} —. 15) 65.0) +1.8) 81) 6) 73 5 6. 20} +3.0) 13} 7, nw. | 41] nw. 1 11) 5. .0 
159) 13 ..| 29.94] —. 13) 65.6] +3.9 6| 74 .|----|----| 5.36] +1.9] 10 4,757} 12) 12-...| lol 
New 1 82) 29.93] —. 14) 66.6) +3. 1 74 5.05] +1.5| 10] 6,099) s. 28] ne. 12} 1316.4) 
Middle Atlantic States +3.7 3. 64) +0. 4 
10 29.93] —. +1.7| 83] 4) 73 5 6.28] +3. 15} 8. 16| nw. 7| 12} 11] 6.0} .0 
8711 6 D2} 29.94) —. +1.9] 86 73 4.73] +1.6} nw. | ow. 4} 5| 7.7] .0| .0 
314] 41 29.93) —. +2. 0] 86) 27| 76 75] 8.17| +4.8| nw. | 44] ow. 7| 10} 136.2; 
29. 95)... ------| 86} 8} 73 57) 87 7} 10) 13) 6. -0} .0 
29. 94) —. 88} 25) 76 76| 10 22) sw. 12} 6.1) 
29.95] —. 91) 25| 78 74| ne. 121 1116.0 | 
29.94]... 89} 25) 7 76 4) 13) | nw. 11} 11, 5.4) .0 
29. 94] —. 8| 73 77 2} 10 21) nw. 7| 11, 1216.0] 
29.93] —. 91, 9] 78 64] 82 1} 47] n. 14] 95.7) .0 
29.93]... 7| 75 61) 82 12) 38 ne. 0 
29.93]. 89| 27| 77 78 5| 13 26| sw. .0 
29. 94 94) 9} 81 61) 72 1} 12 43] nw. -O} .0 
29. 95 94) 9] 80 78 6| 13 21| nw. .0 
18 29. 941. 93] 4) 83 68] 78 6| 7 65) ne. .0 
29. 96 94) 25] 85 67, 78) a 6 56} ne. .0 
29. 97 +39 94! 26) 84 (is: .0 
304] 49 27.1 29. 96 89) 12) 81 74 4 .0 
78.8| +5.2 4 
253 27.71} 30.00] —.07| 71 | 89 42] 22/61) 41) 63] 61 1.79] —1.2 21| nw. 19 4/47) .0 
779] 2 29. 16] 29.981 —. 09] 76 93 21| 69] 25] 68 71| 4.69) +1. ne. | 13) 41} .0 
886 29. 05} 74 5 22} 63| 39] n. | 16 14! 10) 4.6) .0 
29. 29.93] 79 23| 74] 18| 74] 73 13. 63} +9. 0 76| nw. | 18] 7] 53.4) .0 
Raleigh...............] 376] 1 29. 57] 29. 96 77 4| 22) 68 —2.8 29} n. | 16) 12) 13) 5} 4.3) 
29. 89} 29. 96 78 3 22 71| 23| 71) 8.27| +3.8] 1 42) nw. | 15] 14] 12) 4/ 3.9] 
Charleston............] 48 29.91} 29. 96' | 81 5 22| 74 74 13. 04) +8.5 51] se. 15] 12) 3) 3. -O} .0 
Columbia, 351 29. 60} 29. 97 | 79 6 70| 28) 71 76| 2.19) —1.3 28} ne. | 16) 11, 3} 3.2} .0 
182 29. 76] 29. 95| M10, 79 22| 33| 71 77| 3.57) +. ne. | 6) 14] 13) 313.8) .0 
65 29. 90} 29. 96 7 81 22) 72 74) 71 8.81) +3.4 47| se. 5| 19 3} 3.5) .0 
43] 2 29. 90] 29. 95 82 5| 5| 75 74 3.76) —3. 43] se. 12) 15) 3} 4.4, .0 
6.00} —1. 4. | 
10} 64} 29. 88] 29.90} —. 04] 82.8 D| 6| 88 1 15] 76) 7 3.10} —3.6) 12] 7,292) e. e. 1} 91 4.8) .0 
17 124] 168} 29.92] 29.95] —. 02] 82.3) + 15| 87 27| 15| 76| 74 76] 5.03] —3.3| 14] 7,376] e. 42) sw. | 7 5.2) .0 
0 35) 88) 197] 29. 90) 29.93] —. 04) 82.8) + | 22 29) 75) 7 9. 86) +3. 4 7, 723] 46) n. 4 3.3} .0} .0 
| 44) 25] 29.90) 29. 82.4]. 17| 91 MM 201 73) ise co | 
01 
80. 4) + | 74) 2.23 3. _ 
173| 190) 198] 28. 77] 29.98] 77.6) + 87| 57) 21 1. 25] —1.7 12) 123 64a. 
76 29. 57} 29. 961 78. 4) + 89] 51) 22 2.79) —.4 se. 4! 13] 13} 4) 4.0). 
11| 29. 90] 29. g | 22] 75 1.14) —7.0] 9 
149 29. 89] 29. 3! 88) 67) 21 ai! 74 .51| —4.8) 3 sw. 2 é 
Birmingham... ll 29. 22| 29.9 5| 7 91| 22] 68 75| 2.74, —.6| 8 nw. | 17) 16 9 5] 
125] 29. 88] 29. 9 | 91} 59] 22] 74] 74) 71| 75] 1.40| 5 26| ne. | 16) 11) 3) | 
Montgomery..........| 218] 92 29. 73) 29. 9 5| 57| 71) 71) 6 5.91) +2.9| 11 25| e. 12) 19) 4] 
875] 87 29. 57] 29.9 8 92 22 71) 67 2.00) —1. 5 22) ne. 5) 17) 11 
247) 65 29. 70} 29. § 7| 60 21 75} 1.52} —1.4) 6 29) se. 14) 11) 5} 
7 29. 89] 29.9 4| 8 91 5| 24] 7 74} 3.08} —2.0) 9 n. 5, 14) 15) 1 g 
' ~ 
| 4.47] +0. | 
29. 67| 29.9 8 21 75| 73 1.07} -1.7| 3 se. 1 5 
1, 11 28. 58} 29.9 7 0 SS 8. ll 
457| 79 29. 44) 29.9 21 34) 71 76| 7.16, +4.2 9) 8. 24) 13) 12) 5 ‘ 
357] 29. 57| 29.9 88) 59) 22 71 6.00} +2.8) 11, nw. | 19) 1 7| 
136 29. 27} 29.9 .| 8 93 15| 74) 25) 73 3.08} —.3) 5) 21) se. 12 11 13) 6) 
57, 29.75) 29.8 | 8 4| 76} 15| 76| 75 13. 58) +8.1| 13] 75| nw. 15| 10) 5) ‘ 
porpus Christi... 11 29. 87} 29.8 | 8 88| 73] 4| 77| 1 4.71) +.2) 17| 49) 18} 6) 
29. 36| 29.9 |8 91 11) 74) 21 1.84) 8. 10} 15) 9 
Fort 106) 29. 21) 29.9 92} 68] 11) 74) 4.94) +24) 8 27} se. | 27] 15) 11) 4 
54] 106) 29. 85] 29. 9 1 24 1 74 3. 65} —1. 7| se. | 30) 14) 12) 4) 
138] 20. 78] 29. 9 8 1 75; 4.47) +.4) 6 27} se. | 24) 11) 14) 
64 29. 41) 29.9 8 91 ll 2B 1. 59} —1.3) 8) 23} se. | 12) 15) 8 7 . 
Port Arthur...........| 34 29. 88) 29. 9 8 91| 71| 23] 77) 76 74 2. —2. ne. | 4) 13! 16) 1 . 
San Antonio. 29. 18! 29. 1 30: 7 74] 3.18! +.1) 7 8. 12 16 7 
| 
age 
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? Pressure not reduced to mean of 24 hours. 


TABLE 1.—Climatological data for Weather Bureau Stations, September 1988—Continued 


SEPTEMBER 1933 


59.1) 


54) 29. 83) 29.91)....._| 80.1 


@ 
TN a 

8 
es 


9 


076 58) 67, 


1 Observations taken bihourly. 
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Region 
San Diego. 


North Head. 


Seattle 


Region 
West Indies 
8an Juan, P.R______.. 
Panama Canal 
Balboa Heights.______ 
Cristobal . 


Northern Plateau 
North Pacific Coast 
Middle Pacific Coast 
San 
Fresno. 
Los An 


Sacramen 


Portland 
Roseb 


Alaska 


uneau. 
Hawaiian Islands 
Honolulu 


F 


| | In. 
55 : 

0.0 

56 
67 -0 
48 ‘0 
51 ‘0 
54 
50) 
66 0 
61 | 
45 0.0 
a 

70 .0 

| 73 .0 
| 63 | | 
| 62 
59) -0 
| 65 
| 0 

1 | | ae 
| 50) -0 
3 

Ko | .0 

60} 

.0 
| .0 
t 
| 
| 
| .0 
2 1 -0 | a 

| .0 
| 
1 

56.9) —1.6 75| 3 

211} 11) 56) 29. 72) 29.94) —. 54.6) —1.9] 62| 4] 15! 89) 6 .0 

125} 90) 321) 29. 78) 29.91) —. 10) 57.6) 64! 39) 51, 301 48| 3) .0 

86} 10) 54) 29. 29.90) —. 11) 53.2) +. 2! 59] 18] 45] 50! 10; 52; 50! gol 7. .0 

320) 20) 58) 28. 52) 60.2}....._/ 90} 1] 76} 35] 30] 44) 48] 50) 41) 58 .0 

$8) 106) 29. 78 29. 94) —. 09) 59.6) —2.1/ 82) 3) 67} 40) 25) 52] 28) 54) 49 2. .0 

510) 75) 99) 29. 41] 29.96) —. 06) 59.4! —3.5| 84! 3] 71/ 39] 301 48 5 68). .0 

64.3! —0.5 0. 

62) 89) 29.92) 29.99} —.02| 55.4) —.5/ 46) 23 21} 53) 52) 

330] 58} 29. 49) 29.84; —.09) 72.3} —.8] 98] 87] 50) 58 39, 56; 42) 41) .0 

69] 106| 117] 29. 78] 29. 85| —. 04] 68. 3| 93] 30] 82 49) 12] 54) 36, 56) 55) .0 

155) 208) 243) 29.73) 29.90, —. 04] 61.2} +. 3) 82) 30] 68! 50 55 .0 

1 

66.6) —3. 68) 0. | 

B27) 97| 105) 29. 49) 29.84) —. 03) 72.4) —1.0] 97] 1] 88| 5/57, 41] 46 ‘ 

B38) 159) 191) 29. 51) 29.87) —. 01] 64.6) —4. 4] 81] 19] 16) 24 54 .0 

| 87] 62) 70) 29.77) 29.86) —.03/ 62.8] —4.3] 70] 5| 18] 59! 15 56} 81). .0 ee 

90] 13] 85 72! 16] 75 7, 0 | 

118 74) 88) 5, .0 

36 4| 76) 18| 74/182) 9. .0 

454 33 31 .0 

44 46) 41 4. .0 
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TaBLe 2.—Data furnished by the Canadian Meteorological Service 
SEPTEMBER 1933 


Stations 


Race, 


ney, Cape Island 
sy anes ifax, Nova Scotia..............-. 


Charlottetown, Prince Edward Isiand___. 


Chatham, New 


Southampton, 
Parry Sound, 
Winnipeg, 


Qu’Appelle, 
Moose Jaw, Saskatchewan. 
Swift Current, Saskatchewan. 


Battleford, Saskatchewan---- 


Alberta. 
Kamloops, British 
Victoria, British 
Barkerville, British 
Estevan Point, British Columbia- ------- 


Prince Rupert, British 


prep 


1933 


Pressure Temperature of the air 
Mean 
reduced 
to mean — 
of 24 min.+2 
hours 
In. In. A 
2. 29. 87 58.1 66.5 79 38 0 
29. 29. 72 58.4 65.0 80 42 .0 
29. 29. 84 57.8 64.8 75 41 -0 
29. 29. 81 58.3 64.2 7 43 .0 
29. 29.75 57.1 68.0 84 32 .0 
57.0 64.1 78 38 
51.0 62.9 82 19 
29. 63 29. 89 62. 2 +4.8 72.7 51.6 . 67 —1. . 
29. 60 29. 91 63.0 +3.0 70.3 55.8 03 +. Pt 
29. 52 29. 92 62.8 +3.8 71.8 53.7 . 35 —1, 
23.55) 28 | 50.7 63.4 3. 
conchae 63.6 74.9 2. 48 
29. 21 29. 92 62.0 71.4 3. 61 
29. 22 29. 90 60.7 69. 2 3. 89 
29.14 29. 85 58.3 67.2 4.27 
28. 96 29. 78 56. 6 66.0 2. 69 
27.99 29. 78 53.0 63.6 2.18 
50.6 59.5 1. 69 
29. 74 52.3 63.6 1.73 
“2.73;  —.19) 54.0 65.6 
29. 74 55.3 66.8 
29. 76 49.0 60.8 
 —.12|| 623 43.2 
29.82, 56.1 2 82 33° 
29. 89 54.3 2 68 40 
52.6 60 36 
50.8 66 36 
30. 07 79.1 88 69 
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Cape Race, 
ou le, 

Swift Current, Saskatchewan. 


Kamloops, British 
Estevan Point, British Columbia- ---...- 
Prince Rupert, British Columbia-------- 
Hamilton, 
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Altitude 
above 
level, 
Jan. 1, to 
1919 
| 
Feat | 
> 
= 
Minnedosa, Manitoba....................| 
Medicine Hat, 
Prince Albert, 
= 
---4 
| 
760 +0. 01 
a 2,115 —.01 
2,392 —. 04 
4, 521 +.11 
Battleford, Sask ..| 1,692 +. 04 
1, 262 +.01 
151 29. 93 30. 09 —.01 
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SEVERE LOCAL STORMS, SEPTEMBER 1933 
{Compiled by Mary O. Souder] 
Che Se elena nr ee local storms that occurred during the month. A revised list of tornadoes will appear in the Annual 
Report of the Chief of Bureau] 
Place Date | ‘Time | ofpath |L0%| property. | Character of storm Remarks Authori 
pa emar u t 
(yards) |! life| Jectroyed 
treme southeastern coun- to ivestock demoral- Bureau. 
ties of South Dakota and due to the suspension of 
4 extreme southwestern 
een Cente, tee 1 | 3:15 50 700 | Tornado Property damaged 5 miles long Do 
Cc ua County, 715 p.m.--| 50 700} ; path 5 miles 
Cabot, Ark...........----- 3 pe ns killed and 8 injured during storm......--| De. 
Key West, Wind and tidal vy, seas washed over boulev Do. 
? wave. h undermined the sea wall in cael 
a drive along the breakwater aon 
the submarine base at the navy was also 
motor boat — 3 Negroes aboard 
t; minor damage by wind. 
Forestburg, 8.Dak.......-- 2 | 9:30 p.m...|_. Tornadic winds___.- and light poles blown down; haystacks Do. 
corn fodder blown away; small — 
town wa end on nearby farms wrec! 
Martin County, Minn.-.--. 2| P.m....-. and | Considerable damage to growing Do. 
Lake Okeechobee-Cedar 3-4 AR 2 1,000,000 Tropical disturb- | Communication lines down; a a killed when Do. 
Keys, Fla. ance and flood. his shack blew down; brakeman Jost his life when 
the and 7 cars were derailed; citrus grow- 
ers ered yo loss; part of Tampa under 9 
feet of water; floods general over whole central 
section of (State: breaking of dam of Tampa Elec- 
ic Co. northeast of Tampa, caused con- 
siderable property loss; much damage to crops 
Texas, coast region.......-- Pe hidcoccananpelepeaptende 24 | 16,900,000 | Hurricane with ab- Cameron County suffered most; buildings wrecked; Do. 
normal tides. —_ — and crops devastated; tide havoc over 
and much produce destroyed; build- 
Grant County, 2, 000 Electric: and tel hone poles blown down; barn Do. 
and farm buil damaged; trees uprooted. 
Charleston, 8.C.......-..-- 10,000 | Tornado and heavy | Property Do. 
Fifield, Wis., and vicinity-- 3,500 | Wind and hail. 2 Do. 
Nantucket, Mass- Thunderstorm - - Barn struck by and Do. 
Ti 9) 4p.m__... 11, 000 | Rain and to crops and damage to roads; path 6 miles Do, 
on, near, ex ong. 
Chouteau County, Mont... 9 | 7:30-9 p.m- 1 §-14 j__.._. 10,000 | Wind, rain, and hail_| Loss dl property; considerable wild game and Do, 
8 Denver, 5 30,000 | Excessive rains and | Basements of warehouses, stores and Do. 
Colo., vicinity. flood. flooded; hundreds of acres of rich truck lands 
the valle washed out or covered with mud; 
many b ry washed out; $30,000 estimated 
damage to highway between Colorado Springs 
and Denver only. 
Fort Thompson, 8.Dak---. 8 25,000 | Severe thunder- | Damage to and bridges by flood Do. 
storm and exces- waters in creeks and streams; heaviest in 
sive rain. many years; livestock drowned; crops in low- 
— destroyed; houses and tents of Indians re- 
along creeks washed away by flood waters. 
Lascar-Cedarwood, Colo... cada Rain and Loss to crops; propert y Do. 
Iredell County, N. Electrical. -.........- Wife of illed by gin of her Do. 
home; same bolt stru killing cow and 
mule in opposite sides of barn.” 
Hidalgo County, N.Mex-.-- Heavy rain. .......- Number of cattle drowned - - Do. 
New Haven, Tall of Wes t Indian hurricane; damage to wires Do. 
and trees. 
Minn., vicinity 10, 000 Property damage and crop loss-_ Do, 
North Carolina, extreme 21 000 | homeless; telephone and telegraph Do. 
eastern portion. ses lines veurried away; highways and bridges washed 
out; scores of houses hundreds of 
livestock drowned; oo to unharvested 
crops; more cotton by the Presi-. 
of plowing it un 
Tidewater, 250, 000 |...-- ed b section; rowboats and Do. 
"alts sed for transportation traffic tied up all 
day; steamer service to bey discontinued; 
pping in Hampton Roods at standstill. 
Provincetown-Nantucket, 17 Rain and Storm of marked intensity; damage Do. 
to water front; all shipping tied u 
Block Island, 2 ts damaged; another sunk in w water; Do. 
e shed blown down; sea rough. 
Scott City, near, Kans___-- 18 | 4p.m__..- 200 1,000 Dems windows, and trees; storm Do. 
ic Violence 
Minnesota, Minn., vicin- 18 | P.m....- 18, 000 | barns demolished; trees uprooted; loss to Do. 
cro 
Butte, Mont_.............. Electrical. .......... Man killed, another injured by Do. 
19 | 3a.m 5, 000 htning caused fire which damaged lines of Do. 
woe Co, and a North 
estern 
Northern Idaho County, 21 | 6:30 p.m Pid! SER eyes: ee No damage reported; path estimated to be several Do. 
Idaho. miles wide and about | 38 miles } 
Tipsoe, Lake Region, Snow and wind.__.. 18 inches of snow in Washington and 40 inches re- Do. 
ash. to Mont. at Helena; snowplows used to clear the 
— Highway to Seattle; ripe fruit blown off 
' Miles instead of yards 
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SEVERE LOCAL STORMS, SEPTEMBER 1933—Continued 
Place Date Time Cc of stor Re ks Authorit 
pa roperty haracter of storm mar! u zy 
(yards) | ° life 
Warrenburg, Electrical. .......... Several buildings Official, U.S, Weather 
gus Counties, N.Y. 
Cambridge, Wis. $5,000 | Tornado. Telephone and electric wires blown down; tobacco Do. 
sheds demolished; trees blown down. 
ville, near, and Eu- 6, 500 | Electrical Barn, general store, and contents destroyed - - Do. 
Springs, near, Ark 
Bloomington, 26 = 50, 000 Lightatas streck an elevator causing the damage Do. 
estimated. 
Indianapolis, Ind Thunderstorm - Power wires, trees, houses, and barns damaged Do. 
Naples, near, Boat capsized on the Illinois River drowning 3 Do, 


persons. 


SEVERE LOCAL STORMS, AUGUST 1933 (SUPPLEMENTARY TABLE) 
(The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A revised list of tornadoes will appear in the Annual 


Report of the Chief of Bureau] 
Width of| Loss| Value of 
Place Date Time path, of evew Character of storm Remarks Authority 
life lestroyed 
Hamilton County, Kans-- 1l | 4:30 p.m__- | eee $1,000 | Heavy hail._____._-- Occurred short distance southeast of Syracuse; | Oficial U.S. Weather 
crops pounded into ground. Bureau. 
Marshall County, Kans_-_- 14 | 46p.m.-- Damage to corn crop; path 15 miles long. Do. 
Wabaunsee Count 16 | 6:30 p.m... 10, 000 |_...- Crop loss; i. Do. 
Stevens County, Kans-_--- 19 | 5:30 - 5:45 19-13 [..65.) 31,000 | Heavy hail and | Crops totally damaged; 50 hogs killed; path 25 Do. 
p.m. wind. miles long. 
Stanton County, 700 | Tornado and hail___} No details; Do. 
Harper and Sumner Coun- 20 | 3:30 p.m... | ae 5, 000 OS Almost complete iearetion at 2 farmsteads; Do. 
ties, Kans. | Apath 1 mile long. 
Belle Plaine and vicinity, 20 | 5-5:15 p.m_ ROh. csecal 80, 000 | Tornadic winds and ind approached tornadic violence; path 6 miles Do. 
Kans. hail. long; no other details. 
6 miles 26 | 4:30 p.m__- 20,000 | Tornado. .._..-..... Damage to farm property; path 9 miles Do. 


1 Miles instead of yards. 


Departure (°F.) of the Mean Temperature from the Normal, September 1933 


Chart I. 
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